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the Harris Semiconductor 
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Product 
Selection 
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(SPG-201 
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Harris Semiconductor 
products 
are sold by description 
only. All specifications 
in this 
product 
guide 
are applicable 
only 
to packaged 
products; 
specifications 
for die are 
available 
upon request. 
Harris reserves 
the right 
to make 
changes 
in circuit 
design, 


specifications 
and other 
information 
at any time without 
prior 
notice. 
Accordingly, 
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reader 
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to 
verify 
that 
information 
in 
this 
publication 
is 
current 


before 
placing 
orders. 
Reference 
to products 
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are 
solely 
for 
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and 
do 
not 
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For technical 
assistance 
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Harris 
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listed 
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databook, 
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Field 
Applications 
Engineering 
staff 
available 
at 
one 
of 
the 
following 


Harris Sales Offices: 
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GEORGIA 


ILLINOIS 


MASSACHUSETTS 


NEW JERSEY 


Costa Mesa 
714-433-0600 
San Jose 
408-922-0977 
Woodland Hills 
818-992-0686 


Norcross 
404-246-9320 


Schaumburg 
708-240-3480 


Burlington 
......•.•....... 
617-221-1850 


Mt. Laurel 
609-727-1909 


Rahway 
201 -381-421 0 
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214-733-0800 
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Analog 
Switch 
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Switch 
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CMOS 
Analog 
Multiplexer 
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CMOS 
Analog 
Multiplexer 
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Analog 
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8-Channel 
Latchable 
Multiplexer 
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Switch 
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Switch 
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Switch 
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Analog 
Multiplexer 
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Protection 
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Analog 
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Protection 
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Programmable 
16-Channel/Differential 
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CMOS 
High-Speed 
Analog 
Multiplexer 
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Programmable 
8-Channel/Differential 
4-Channel 
CMOS 
High-Speed 
Analog 
Mulitplexer 
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Wideband 
and Video 
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. 


Monolithic, 
4-Channel, 
Low Level, 
Differential 
Multiplexer 
. 


Single 
16-Channel 
CMOS 
Analog 
Multiplexer 
with Active 
Overvoltage 
Protection 
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Differential 
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CMOS 
Analog 
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Active 
Overvoltage 
Protection 
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Overvoltage 
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CMOS 
Analog 
Multiplexer 
with 
Active 
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Protection 
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12-Bit High-Speed 
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D/A 
Converter 
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High-Speed 
Monolithic 
D/A Converter 
with 
Reference 
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Fast, Complete 
12-Bit AID 
Converter 
with Microprocessor 
Interface 
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121Js, Complete 
12-Bit AID 
Converter 
with Microprocessor 
Interface 
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81Js, Complete 
12-Bit AID 
Converter 
with Microprocessor 
Interface 
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Multiplexer 
.. 
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Analog 
Switch 
. 
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DPST CMOS 
Analog 
Switch 
. 


DPOT CMOS 
Analog 
Switch 
. 


DPDT CMOS 
Analog 
Switch 
. 


4PST CMOS 
Analog 
Switch 
. 


4PST CMOS 
Analog 
Switch 
. 


Dual 
SPST 
CMOS 
Analog 
Switch 
. 


Dual 
DPST CMOS 
Analog 
Switch 
. 


SPOT CMOS 
Analog 
Switch 
. 


Dual 
SPOT CMOS 
Analog 
Switch 
. 


8-Bit, 
20MSPS 
Flash 
AID 
Converter 
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6-Bit, 
30MSPS 
Flash AID Converter 
. 


8-76 


8-81 


8-86 


8-101 
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4-57 
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8-40 
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7-76 


7-76 


7-76 


7-76 


7-76 


7-76 


7-76 
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HI-i'159 
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HI-DAC80V 


HI-DAC85V 


ICL232 


ICL71C03/1CL8052 


ICL71C03/ICL8068 


ICL7104/ICL8052 


ICL7104/1CL8068 


ICL7106 


ICL7107 


ICL.7109 


ICL.7112 


ICL.7115 


ICL.7116 


ICL7117 


ICL.7121 


ICL.7126 


ICL.7129 


ICL.7134 


ICL7135 


ICL7136 


ICL7137 


ICL7139 


ICL7149 


ICL7182 
ICL8052 
ICL8068 


ICL8069 


ICM7170 


ICM7207/A 


ICM7208 


ICM7209 


ICM7211 


lU-tjlt Mlgn-;:,peeo 1'\/U VUIIV~Il~1 
Willi 
II cl\,,, 
QIIU 
I lUlU 
••...•••• 


8-Channel 
1O-Bit High Speed Sampling 
AID Converter 
. 


8-Channel1 
O-Bit High Speed Sampling 
AID Converter 
. 


Microprocessor 
Compatible 
51h-Digit 
A/D 
Converter 
. 


16-Bit D/A 
Converter 
. 


12-Bit, Low Cost Monolithic 
D/A Converter 
. 


12-Bit, Low Cost Monolithic 
D/A Converter 
. 


+5 Volt Powered 
Dual RS-232 Transmitter/Receiver 
. 


Precision 
41h-Digit 
AID 
Converter 
. 


Precision 
41h-Digit 
AID 
Converter 
. 


14/16-Bit J.lP-Compatible 
2-Chip 
AID Converter 
. 


14/16-Bit J.lP-Compatible 
2-Chip 
AID Converter 
. 


31J2-Digit LCD Single-Chip 
AID 
Converter 
. 


31J2-Digit LED Single-Chip 
AID 
Converter 
. 


12-Bit J.lP-Compatible 
AID 
Converter 
. 


12-Bit High-Speed 
CMOS 
J.lP-Compatible 
AID Converter 
. 


14-Bit High-Speed 
CMOS 
J.lP-Compatible 
AID Converter 
. 


31J2-Digit with 
Display 
Hold Single-Chip 
AID 
Converter 
. 


31J2-Digit with 
Display 
Hold Single-Chip 
AID 
Converter 
. 


16-Bit Multiplying 
Microprocessor-Compatible 
D/A 
Converter 
. 


31J2-Digit Low Power Single-Chip 
AID Converter 
. 


41J2-Digit LCD Single-Chip 
AID 
Converter 
. 


14-Bit Multiplying 
J.lP-Compatible 
D/A Converter 
. 


41h-Digit 
BCD Output 
AID Converter 
. 


31J2-Digit LCD Low Power AID Converter 
. 


31J2-Digit LED Low Power Single-Chip 
AID Converter 
. 


33/4-Digit Autoranging 
Multimeter 
. 


Low Cost 33/4-Digit Autoranging 
Multimeter 
. 


101 Segment 
LCD Bargraph 
AID Converter 
. 


AID Converter 
- Low Leakage, 
Low Noise 
. 
AID Converter 
- Low Leakage, Low Noise 
. 


Low Voltage 
Reference 
. 


J.lP-Compatible 
Real-Time 
Clock 
. 


CMOS 
Timebase 
Generator 
. 


7-Digit 
LED Display 
Counter 
. 


Timebase 
Generator 
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4-Digit 
LCD Display Driver 
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2-9 


2-9 


3-3 


3-3 


2-30 


2-30 


3-24 


4-105 


4-118 


2-43 


2-43 


6-78 


2-55 


2-67 


6-85 


3-44 


2-81 


2-93 


2-103 


2-117 


2-131 
3-3 
3-3 


12-13 


10-2 


11-2 


11-8 


11-15 


9-10 


-- 
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IQM7243 
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IH401A 
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IH5014 


IH5016 


IH5017 


IH5018 


IH5019 


IH5020 


IH5022 


IH5024 
IH5043 


IH5052 


IH5053 


IH5108 


IH5116 


IH5140 


IH5141 


IH5142 


IH5143 
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. . . . . . . . . . . . . .. 
7-92 


Single 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . .. 
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Quad SPST CMOS Analog Switch 
7-108 


Quad SPST CMOS Analog Switch 
7-108 


8-Channel Fault Protected CMOS Analog Multiplexer 
8-108 


16-Channel Fault Protected CMOS Analog Multiplexer 
8-117 


SPST High-Level CMOS Analog Switch 
7-114 


Dual SPST High-Level CMOS Analog Switch 
7-114 


SPOT High-Level CMOS Analog Switch 
7-114 


Dual SPOT High-Level CMOS Analog Switch 
7-114 


IH5144 


IH5145 


IH5151 


IH5208 


IH5216 


IH5341 


IH5352 


IH6108 


IHEi201 


IH6208 


IM6653 


IM6654 


Alphanumeric 
Product Index (Continued) 


DPST 
High-Level 
CMOS 
Analog 
Switch 
. 


Dual DPST High-Level 
CMOS 
Analog 
Switch 
. " 
. 


Dual SPDT High-Level 
CMOS 
Analog 
Switch 
. 


4-Channel 
Differential 
Fault Protected 
CMOS 
Analog 
Multiplexer 


8-Channel 
Differential 
Fault Protected 
CMOS 
Analog 
Mulitplexer 


Dual 
SPST 
CMOS 
RFlVideo 
Switch 
. 


Quad SPST CMOS 
RFlVideo 
Switch 
. 


8-Channel 
CMOS 
Analog 
Multiplexer 
. 


Dual 
CMOS 
DriverlVoltage 
Translator 
. 


4-Channel 
Differential 
CMOS 
Analog 
Multiplexer 
. 


4096-Bit 
CMOS 
UV EPROM 
. 


4096-Bit 
CMOS 
UV EPROM 
. 


7-114 


7-114 


7-125 


8-130 


8-139 


7-"133 


7-139 


8-153 


7-144 


8-163 


14-2 


14-2• 


Product Index by Family 


CA3162/CA3162A 
ICL71C0311CL8052 
ICL71C0311CL8068 
ICL7106 
ICL7107 
ICL7116 
ICL7117 
ICL7126 
ICL7129 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 


AID 
Converter 
for 31f2-Digit Display 
. 
Precision 
41/2-Digit AID 
Converter 
. 
Precision 
41/2-Digit AID 
Converter 
. 
31f2-Digit LCD Single-Chip 
AID 
Converter 
. 


31f2-Digit LED Single-Chip 
AID 
Converter 
. 


31f2-Digit with 
Display 
Hold Single-Chip 
AID 
Converter 
. 


31f2-Digit with 
Display 
Hold Single-Chip 
AID 
Converter 
. 
31f2-Digit Low Power Single-Chip 
AID Converter 
. 


41f2-Digit LCD Single-Chip 
AID 
Converter 
. 


31f2-Digit LCD Low Power AID Converter 
. 
31f2-Digit LED Low Power Single-Chip 
AID Converter 
. 


33/4-Digit Autoranging 
Multimeter 
. 


Low Cost 33/.!-Digit Autoranging 
Multimeter 
. 
101 Segment 
LCD Bargraph 
AID Converter 
. 


HI-7159 
ICL710411CL8052 
ICL710411CL8068 
ICL7109 
ICL7135 


PAGE 


2-2 
2-9 
2-9 
2-30 


2-30 
2-43 
2-43 
2-55 
2-67 
2-81 


2-93 
2-103 
2-117 
2-131 


Microprocessor-Compatible 
51f2-Digit AID Converter 
. . . . . . . . . . . 
3-2 
14/16-Bit IlP-Compatible 
2-Chip 
AID Converter. 
. . . . . . . . . . . . . . 
3-3 
14/16-Bit IlP-Compatible 
2-Chip 
AID Converter. 
. . . . . . . . . . . . . . 
3-3 
12-Bit IlP-Compatible 
AID 
Converter. 
. . . . . . . . . . . . . . . . . . . . . . 
3-24 
4'/2-Digit 
BCD Output 
AID Converter 
. . . . . . . . . . . . . . . . . . . . . . . 
3-44 


ADC0802 
ADC0803 
ADC0804 
CA331 0/CA331 OA 
HI-574A 


HI-7151 
HI-7152 
HI-7153 
ICL7112 
ICL7115 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 
CMOS 
10-Bit AID Converter 
with 
Internal 
Track and Hold 
. 


Fast, Complete 
12-Bit AID Converter 
with Microprocessor 
Interface 
. 


121ls, Complete 
12-Bit AID Converter 
with Microprocessor 
Interface 
. 


81ls, Complete 
12-Bit AID Converter 
with Microprocessor 
Interface 
. 


10-Bit High-Speed 
AID Converter 
with Track and Hold 
. 


10-Bit High-Speed 
AID Converter 
with Track and Hold 
. 


8-Channel 
10-Bit High-Speed 
AID Converter 
with Track and Hold 
12-Bit High-Speed 
CMOS 
IlP-Compatible 
AID Converter 
. 


14-Bit High-Speed 
CMOS 
IlP-Compatible 
AID Converter 
. 


CA3304 
CA3306 


CA3318C 
HI-5700 


4-2 
4-2 
4-2 
4-20 


4-57 
4-70 
4-87 
4-104 
4-105 
4-118 


CMOS 
Video-Speed 
4-Bit 
Flash 
AID 
Converter 
. . . . . . . . . . . . . . 
5-2 
CMOS 
Video-Speed 
6-Bit 
Flash 
AID 
Converter. 
. . . . . . . . . . . . . 
5-12 
CMOS 
Video-Speed 
8-Bit 
Flash 
AID 
Converter 
. . . . . . . . . . . . . . 
5-26 
8-Bit, 
20MSPS 
Flash 
AID 
Converter 
. . . . . . . . . . . . . . . . . . . . . . . 
5-37 


AD7520 


AD7521 


AD7'523 
AD7'530 
AD7'531 


AD7533 


AD7541 
AD7545 


CMl338 


HI-562A 


HI-S65A 


HI-DAC16B/DAC16C 


HI-DAC80V 


HI-DAC85V 


ICL7121 


ICL7134 


Product Index by Family 
(Continued) 


1O-Bit Multiplying 
Df A Converter 
. 


12-Bit 
MUltiplying 
DfA Converter 
. 


8-Bit 
Multiplying 
DfA Converter 
. 


10-Bit 
Multiplying 
DfA Converter 
. 
12-Bit 
Multiplying 
Df A Converter 
. 


10-Bit 
Multiplying 
D/A 
Converter 
. 


12-Bit 
Multiplying 
D/A 
Converter 
. 


12-Bit Buffered 
Multiplying 
CMOS 
DAC 
. 


CMOS 
Video-Speed 
8-Bit R-2R D/A 
Converter 
. 


12-Bit High-Speed 
Monolithic 
D/A Converter 
. 


High-Speed 
Monolithic 
D/A 
Converter 
with 
Reference 
. 


16-Bit 
D/A 
Converter 
. 


12-Bit, Low Cost, Monolithic 
D/A 
Converter 
. 


12-Bit, Low Cost, Monolithic 
D/A Converter 
. 


16-Bit Multiplying 
Microprocessor-Compatible 
D/A 
Converter 
. 


14-Bit Multiplying 
lAP-Compatible 
D/A Converter 
. 


DG180 


DG181 


DG182 


DG183 


DG184 


DG185 


DG186 


DG187 


DG188 


DG189 


DG190 


DG191 


DG200 


DG201 


DG201A 


DG202 


DG211 


DG212 


DG300A 


DG301A 


DG302A 
DG303A 


DG308A 


DG309 


PAGE 


6-3 


6-3 
6-10 
6-3 
6-3 


6-16 


6-22 


6-29 


6-37 


6-46 


6-52 


6-59 


6-66 


6-72 


6-78 


6-85• 


Dual SPST 
10 Ohm 
High-Speed 
Driver with JFET Switch 
. . . . . . 
7-5 


Dual SPST 30 Ohm 
High-Speed 
Driver with JfET 
Switch. 
. . . . . 
7-5 


Dual SPST 75 Ohm 
High-Speed 
Driver with JFET Switch 
. . . . . . 
7-5 


Dual DPST 10 Ohm 
High-Speed 
Driver with JFET Switch 
. . . . . . 
7-5 


Dual DPST 30 Ohm High-Speed 
Driver with JFET Switch 
. . . . . . 
7-5 


Dual DPST 75 Ohm 
High-Speed 
Driver with JFET Swtich 
. . . . . . 
7-5 


SPDT 10 Ohm 
High-Speed 
Driver 
with JFET 
Switch. 
. . . . . . . . . 
7-5 


SPDT 30 Ohm 
High-Speed 
Driver 
with JFET 
Switch. 
. . . . . . . . . 
7-5 


SPDT 75 Ohm 
High-Speed 
Driver 
with JFET 
Switch. 
. . . . . . . . . 
7-5 


Dual SPDT 10 Ohm 
High-Speed 
Driver with JFET Switch 
. . . . . . 
7-5 


Dual SPDT 30 Ohm 
High-Speed 
Driver with JFET Switch. 
. . . . . 
7-5 


Dual SPDT 75 Ohm High-Speed 
Driver with JFET Switch. 
. . . . . 
7-5 


Dual 
SPST 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-11 


Quad 
SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-15 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . 
7-19 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . 
7-19 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-24 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-24 


Dual SPST TTL Compatible 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . 
7-27 


SPDT TTL Compatible 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . 
7-27 


Dual DPST TTL 
Compatible 
CMOS 
Analog 
Switch. 
. . . . . . . . . . 
7-27 
Dual SPDT TTL Compatible 
CMOS Analog 
Switch. 
. . . . . . . . . . . 
7-27 


Quad Monolithic 
SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . 
7-32 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-32 


HI-200 


HI-201 


HI-201HS 


HI-222 


HI-300 


HI-301 


HI-302 


HI-303 


HI-304 


HI-305 


HI-306 


HI-307 


HI-381 


HI-384 


HI-387 


HI-390 


HI-5040 


HI-5041 


HI-5042 


HI-5043 


HI-5044 


HI-5045 


HI-5046 


HI-5046A 


HI-5047 


HI-5047A 


HI-5048 


HI-5049 


HI-5050 


HI-5051 


IH401A 


IH5009 


IH5010 


IH5011 


IH5012 


IH5014 


IH5016 


IH5017 


IH5018 


IH5019 


IH5020 


IH5022 


Dual 
SPST 
CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . 
7-36 


Quad 
SPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . 
7-42 


High-Speed 
Quad 
SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . 
7-48 


High Frequency 
Video 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-57 


Dual 
SPST 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
DPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
SPOT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
SPST 
CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
DPST CMOS 
Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-65 


Dual 
SPST 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-70 


Dual 
DPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-70 


SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-70 


Dual 
SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-70 


SPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Dual 
SPST 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Dual 
SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


DPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 
Dual 
DPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


DPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


DPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


4PST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


4PST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Dual 
SPST 
CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Dual 
DPST CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Dual 
SPDT CMOS 
Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . . . . 
7-76 


Quad 
Varafet Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-87 


Quad 
100 Ohm 
Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . 
7-92 


Quad 
150 Ohm 
Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . 
7-92 


Quad 
100 Ohm 
Virtual 
Ground 
Analog 
Switch. 
. . . . . . . . . . . . . . 
7-92 


Quad 
150 Ohm 
Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . .. 
7-92 


Triple 
150 Ohm 
Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . 
7-92 


Triple 
150 Ohm 
Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . 
7-92 


Dual 100 Ohm Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-92 


Dual 150 Ohm Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-92 


Dual 100 Ohm Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-92 


Dual 150 Ohm Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . . 
7-92 


Single 
150 Ohm Virtual 
Ground 
Analog 
Switch 
. . . . . . . . . . . . . . . 
7-92 


IH5024 
IH5043 


IH5052 


IH5053 


IH5140 


IH5141 


IH5142 


IH5143 


IH5144 


IH5145 
IH5151 


IH5341 


IH5352 


IH6201 


MULTIPLEXERS 


DG506A 


DG507A 


DG508A 


DG509A 


DG526 


DG527 


DG528 


DG529 


HI-'1818A11828A 


HI-!506 


HI-507 


HI-!506A 


Single 
150 Ohm Virtual 
Ground 
Analog 
Switch 
. 


Dual SPDT 75 Ohm 
High-Level 
CMOS 
Analog 
Switch 
. 


Quad SPST CMOS 
Analog 
Switch 
. 


Quad 
SPST CMOS 
Analog 
Switch 
. 


SPST High-Level 
CMOS 
Analog 
Switch 
. 


Dual SPST High-Level 
CMOS 
Analog 
Switch 
. 


SPDT High-Level 
CMOS 
Analog 
Switch 
. 


Dual SPDT High-Level 
CMOS 
Analog 
Switch 
. 


DPST 
High-Level 
CMOS 
Analog 
Switch 
. 


Dual DPST High-Level 
CMOS 
Analog 
Switch 
. 


Dual SPDT High-Level 
CMOS 
Analog 
Switch 
. 


Dual 
SPST 
CMOS 
RFlVideo 
Switch 
. 


Quad SPST CMOS 
RFlVideo 
Switch 
. 


Dual 
CMOS 
DriverlVoltage 
Translator 
. 


7-92 
7-99 


7-108 


7-108 


7-114 


7-114 


7-114 


7-114 


7-114 


7-114 
7-125 


7-133 


7-139 


7-144• 


16-Channel 
CMOS Analog 
Multiplexer......................... 
8-3 


Dual8-Channel 
CMOS Analog Multiplexer 
. . . . . . . . . . . . . . 
8-3 


8-Channel 
CMOS Analog 
Multiplexer.......................... 
8-13 


Dual4-Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . 
8-13 


16-Channel 
CMOS Latchable 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . 
8-21 


Dual 8-Channel 
CMOS 
Latchable 
Multiplexer. 
. . . . . . . . . . . . . . . . . . 
8-21 


8-Channel 
Latchable 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8-31 
Dual 4-Channel 
Latchable 
Multiplexer 
8-31 


Low Resistance 
Single 
8/Differential 
4-Channel 
CMOS 
Analog 
Multiplexers 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8-40 
Single 16-Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . 
8-46 


Differential 
8-Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . . . 
8-46 


Single 
16-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection. 
. . . . . . . . . . . . . . 
8-52 


Differential 
8-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection. 
. . . . . . . . . . . . . . 
8-52 


Product Index by Family 
(Continued) 


MULTIPLEXERS 
(Continued) 


HI-508 
Single 8-Channel 
CMOS Analog Multiplexer 
. 


HI-509 
Differential4-Channel 
CMOS Analog 
Multiplexer 
. 


HI-508A 
Single 8-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection 
. 


Differential 
4-Channel 
CMOS 
Analog 
Multiplexer 
with Active 
Overvoltage 
Protection 
. 


Programmable 
16-Channel/Differential 
8-Channel 
CMOS 
High-Speed 
Analog 
Multiplexer 
. 


Programmable 
8-Channel/Differential 
4-Channel 
CMOS 
High-Speed 
Analog 
Mulitplexer 
. 


4-Channel 
Wideband 
and Video 
Multiplexer 
. 


Monolithic, 
4-Channel, 
Low Level, 
Differential 
Multiplexer 
. 


Single 
16-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection 
. 


Differential 
8-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection 
. 


Single 8-Channel 
CMOS 
Analog 
Multiplexer 
with 
Active 
Overvoltage 
Protection 
. 


Differential 
4-Channel 
CMOS Analog 
Multiplexer 
with Active 
Overvoltage 
Protection 
. 


8-Channel 
Fault Protected 
CMOS 
Analog 
Multiplexer 
. 


16-Channel 
Fault Protected 
CMOS 
Analog 
Multiplexer 
. 


4-Channel 
Differential 
Fault Protected 
CMOS 
Analog 
Multiplexer 


8-Channel 
Differential 
Fault Protected 
CMOS 
Analog 
Mulitplexer 


8-Channel 
CMOS 
Analog 
Multiplexer 
. 


4-Channel 
Differential 
CMOS 
Analog 
Multiplexer 
. 


HI-524 


HI-539 


HI-546 


IH5108 


IH5116 


IH5208 


IH5216 


IH6108 


IH6208 


CA3161 


CA3168 


ICM7211 


ICM7212 


ICM7218 


ICM7228 


ICM7231 


ICM7232 


ICM7243 


PAGE 


8-58 


8-58 


8-76 


8-81 


8-86 


8-101 


8-108 


8-117 


8-130 


8-139 


8-153 


8-163 


BCD to Seven 
Segment 
DecoderlDriver 
. . . . . . . . . . . . . . . . . . . . 
9-2 


2-Digit 
BCD to Seven 
Segment 
Decoder/Driver 
. . . . . . . . . . . . . . 
9-6 


4-Digit 
LCD Display Driver. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-10 


4-Digit 
LED Display 
Driver. 
. . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . 
9-10 


8-Digit 
LED 
Multiplexed 
Display 
Driver 
. . . . . . . . . . . . . . . . . . . . . 
9-22 


8-Digit 
LED 
Multiplexed 
Display 
Driver 
. . . . . . . . . . . . . . . . . . . . . 
9-33 


Numeric/Alphanumeric 
Triplexed 
LCD Display 
Driver 
. . . . . . . . . . 
9-54 


Numeric/Alphanumeric 
Triplexed 
LCD Display 
Driver 
. . . . . . . . . . 
9-54 


8-Character 
I-IP-Compatible 
LED Display 
Driver. 
. . . . . . . . . . . . . . 
9-70 


Product Index by Family 
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COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 
PAGE 


ICM7207/A 


ICM7208 


ICM7209 


ICM7213 


ICM7216A/BID 


ICM7217 


ICM7224 


ICM7226A/B 


ICM7249 


CMOS 
Timebase 
Generator 
. 


7-Digit 
LED Display 
Counter 
. 


Timebase 
Generator 
. 


. One Second/One 
Minute 
Timebase 
Generator 
. 


8-Digit 
Multi-Function 
Frequency 
Counter/Timer 
. 


4-Digit 
LED Display 
Programmable 
UplDown 
Counter 
. 


4% Digit LCD Display Counter 
. 


8-Digit 
Multi-Function 
Frequency 
Counter/Timer 
. 


51h-Digit 
LCD ,..-Power Event/Hour 
Meter 
. 


Ami90 


ICL8069 


2-Wire 
Current 
Output 
Temperature 
Transducer 
. 


Low Voltage 
Reference 
. 


IM6653 


IM6654 


11-2 


11-8 


11-15 


11-18 


11-23 


11-42 


11-59 


11-67 


11-82 


12-2 


12-13-- 


4096-Bit 
CMOS 
UV EPROM 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
14-2 


4096-Bit 
CMOS 
UV EPROM 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
14-2 


OBSOLETE 
SUGGESTED 
PRODUCT 
REPLACEMENT 


HI-DAC87V /883 
AD7545SQ/883 


ICM7218E 
ICM7228A,B,C,D 


ICM7225 


ICM7233 


IH5040 
HI5040 or IH5140* 


IH5041 
HI5041 or IH5141* 


IH5042 
HI5042 or IH5142* 


IH5044 
HI5044 or IH5144* 


IH5045 
HI5045 or IH5145* 


IH5046 
HI5046* 


IH5047 
H15047* 


IH5148 
H15048* 


IH5149 
H15049* 


IH5150 
H/5050* 


IH6116 
DG506A* 


IH6216 
DG507A* 


IH9108 


IM4702 
HD-4702* 


IM6402 
HD-Q402* 


Design 
Parts 


NOT RECOMMENDED 
SUGGESTED 
FOR NEW DESIGN 
REPLACEMENT 


ICM7218A,B,C,D 
ICM7228A,B,C,D 


ICL7112 
ICL7115* 


HI-7159 
HI-7159A* 


HI-562A 
HI-565A 


HI-DAC16B/16C 
ICL7121 


ICL7107CDL 
ICL7107CPL* 


ICL7107CJL 
ICL7107CPL* 


ICL7126CDL 
ICL7126CPL* 


ICL7135CJI 
ICL7135CPI* 


ICL7136CDL 
ICL7136CPL* 


ICL7136CJL 
ICL7136CPL * 


ICL7137CDL 
ICL7137CPL* 


ICM7231BFIJL 
ICM7231 BFIPL* 


ICM7231BFIM44 
ICM7231 BFIPL 


ICM7232BFIJL 
ICM7231BFIPL* 


ICM7232CRIJL 
ICM7232CRIPL * 


ICM7232CRI M44 
ICM7232CRIPL 


ICM7232BFIM44 
ICM7232BFIPL 


ICM7217AIJI 
ICM7217AIPI 


ICM7217CIJI 
ICM7217CIPI 


ICL7139CM44 
ICL7139CPL 


ICL7116RCPL 
ICL7116CPL 


ICL7117RCPL 
ICL7117CPL 


ICL7137RCPL 
ICL7137CPL 


Most of the products listed in this catalog 


are available in Die or Wafer form. 


Please consult your local sales office or 


representative 
for specific 
information. 
• 


Application 
Note Abstracts 


Glossary 
of Data 
Conversion 
Terms 


Principles 
of Data 
Acquisition 
and Conversion 


IH5009 Low Cost Analog 
Switch 
Series 


Selecting 
AID Converters 


The Integrating 
AID 
Converter 


Do's and Dont's 
of Apply- 
ing AID Converters 


4V2-Digit Panel Meter 
Demonstration/lnstrumenta- 
tion 
Boards 


A Cookbook 
Approach 
to 
High-Speed 
Data Acquisi- 
tion 
and Microprocessor 
Interfacing 


Low Cost Digital 
Panel 
Meter Designs 


Building 
an Autoranging 
DMM with the 
ICL71C03A/8052A 
AID 
Converter 
Pair 


ICL7104; a Binary 
Output 
AID Converter 
for 
"Processors 


Understanding 
the Auto- 
Zero and Common 
Mode 
Performance 
of the 
ICL7106/7107/7109 
Family 


Interpretation 
of Data 
Converter 
Accuracy 
Specifications 


Building 
a Battery 
Operated 
Autoranging 
DVM with the 
ICL7106 


Games People Play with 
Harris's 
AID Converters 


Know Your Converter 
Codes 


Applying 
the ICL7109 AID 
Converter 


Tips for Using Single-Chip 
3V2-Digit AID Converters 


Display 
Driver 
Family 
Combines 
Convenience 
of 
Use with 
Microprocessor 
Interfaceability 


This glossary defines the most often used terms in the field of data conver- 
sion technology. 


Presents theory, converter coding, topologies, 
and specifications. 


Compares the members of the IH5009 "virtual ground" 
analog switches and 
provides suggested 
applications. 


Describes 
the differences 
between integrating 
converters and successive 
approximation 
converters. Includes a checklist for decision making, and a 
note on multiplexed 
data systems. 


Provides an explanation of integrating AID converters, together with a detail- 
ed error analysis. 


An analysis of proper design techniques 
using D/A converters. 


Describes two typical PC board layouts using the 8052A17103A 4'/2-digit AID 
pair. Includes schematics, parts layout, list of materials, etc. Also see A028. 


Uses the building 
block approach 
to design 
a complete 
12 volt system. 


Explains the significance of each component and demonstrates methods for 
microprocessor 
interfacing, 
including 
the use of control signals. 


Provides a detailed explanation 
of the 7106 and 7107 3'/2-digit panel meter 
IC's, and describes two of the evaluation kits available from Harris. 


This companion application note to A019 explains the use of the 8052A17103A 
converter pair to build a ±4'/2-digit 
autoranging 
digital multimeter. Included 
are schematics, 
circuit descriptions, 
tips and hints, etc. 


Describes in detail the operation of the 7104. Includes in digital interfacing, 
handshake mode, buffer gain, auto-zero, and external zero. Appendix includes 
detailed 
discussion 
of auto-zero 
loop residual 
errors 
in dual slope AID 
conversion. 


Explains 
in detail the operation 
of the 
ICL7106/7107/7109 
family 
of AID 
converters. 


Cognizance 
of accuracy factors involved when interfacing 
data converters 
into system applications 
permits designers to meet overall error budget con- 
straints. Transfer functions; quantization 
noise; offset, gain, and linearity er- 


rors; and temperature 
effects must be interpreted 
to satisfy specification 
requirements. 


Explains principles of autoranging, 
problems, and solutions. Includes clock 
circuits, power supply requirements, 
design hints, schematics, 
etc. 


Describes 25 different integrating AID converter applications. 
Input circuits, 
conversion modifications, 
display and microprocessor 
interfaces are shown 
in detail. 


When you work with AID and DIA converters, there are many input and out- 
put codes to choose from. 


The operation and application of the ICL7109 12-bit integrating AID converter 
is presented. 


Answers frequently asked questions regarding the operation of 3'/2-digit single- 
chip AID converters. 
Included 
are sections 
on power supplies, 
displays, 
timing, and component 
selection. 


Compares 
and 
describes 
the various 
display 
drivers. 
Includes 
design 
examples for 7 segment, 
alphanumeric, 
and bargraph systems. 


Application 
Note Abstracts 
(Continued) 


Graphs 
Give Aperture 
Time 
Required 
for AID 
Conversion 


Digital 
Panel Meter 
Experiments 
for the 
Hobbyist 


33A-Dlglt Autoranglng 
Multlmeter 
- 
ICL7139EV/KIt 


Reduce 
CMOS-Multiplexer 
Troubles 
through 
Proper 
Device 
Solutions 


Interface 
a Real-Time 
Clock 
Chip to the IBM PC or 
Apple 
II 


CMOS Analog 
Multiplexers 
and Switches; 
Application 
Considerations 


Getting 
the Most Out of 
CMOS Devices 
for Analog 
Switching 
Jobs 


Digltal-to-Analog 
Converter 
Terminology 


Dlgital-to-Analog 
Converter 
High-Speed 
AID 
Applications 


Analog 
Switch 
Applications 
in AID Data Conversion 
Systems 


Common 
Questions 
Concerning 
CMOS Analog 
Switches 


Additional 
Information 
on 
the HI-30o Series 
Switch 


Design 
Considerations 
for 
a Data Acquisition 
System 
(DAS) 


A Monolithic 
16·Bit DIA 
Converter 


New High-Speed 
Switch 
Offers 
Sub-SOns Switching 
Times 


Recommended 
Test 
Procedures 
for Analog 
Switches 


HI-222 Vldeo/HF 
Switch 
Optimizes 
Key Parameters 


It is important for the designer to know what aperture time is required to keep 
the system error to a tolerable value in terms of the resolution 
of his AID 
converter. 


Explains 
how 
the 
ICL7106/7107 can 
be 
used 
to 
make 
fundamental 
measurements 
of voltage, current, and resistance. 


Detailed description 
of internal device circuitry and its intended operation, 


assembly 
instructions, 
block 
diagrams, 
current, 
voltage, 
resistance 
measurements, electrical characteristics. An excellent means of checking the 
characteristics 
and evaluating the performance 
of the ICL7139. 


Addresses the issue of error sources, specifically 
output leakage and over- 
voltage protection circuitry. 
Discusses multiplexer 
selection 
alternatives. 


Discusses crystal selection, oscillator circuitry, battery backup scheme and 
PC board layout and how these affect the accuracy and stability of the Real- 
Time Clock. 
• 


Switch selection criteria, datasheet definitions, care and feeding of multiplexers 
and switches, digital interface, practical multiplexer applications 
alternative 
to CMOS switches and multiplexers. 


CMOS versus bipolar device performances, over voltage and channel interac- 
tion conditions, JI technology and latch-up, floating-body JI technology, fool- 
proof CMOS analog multiplexer, other Dl benefits. 


Explains 
DAC terminology, 
Resolution 
Gain Error, Offset Error, Linearity 
Error, Differential 
Linearity 
Error, Drift, Settling Time, etc. 


Use of High-Speed DAC's in tracking, servo, and successive approximation 
Analog-to-Digital 
Converters. Design ideas for Data Acquisition 
Systems. 


System configurations, analog switch types, CMOS switch selection guidelines, 
alternate uses of CMOS switches. 


Power supply considerations, input overvoltage protection, single supply opera- 
tion, various questions 
about Harris D.1.switches. 


"ON" 
resistance, 
leakage currents, 
switching 
speeds, 
power supply 
re- 
quirements, 
internal 
switch 
operation, 
charge 
injection, 
pcwer 
supplies 
conditions, 
and protective circuitry. 


A collection 
of guidelines 
for the design 
of a Data Acquisition 
System. 
Includes signal conditioning, transducers, single-ended vs. differential signal 
paths, low level signals, filters, Programmable Gain Amplifiers, sampling rate, 
and computer 
interfacing. 


Detailed description of the HI-DAC16 D/A Converter, chip photo and schematic, 
plus applications 
and interface considerations. 


Application enhancement using the HI-201HS, high-speed multiplexers, high- 
speed sample and hold, analog switch and op amp circuitry, integrator with 
start/reset, low pass filter with select break frequency, amplifier with program- 
mable gain, future applications. 


Description of analog switch test methods employed at Harris Semiconductor. 


Presents video performance 
characteristics 
such as differential 
gain and 
phase, off-isolation, crosstalk. Also covers reduced supply operation, charge 
injection, and PC board layout techniques. 


narrls 
I"m-Tor-t"m 
Harris Closest 
Part Number 
Replacement 
Replacement 


AD562 
HI-562A 
AD562A 
HI-562A 
AD563 
HI-565A 
AD565A 
HI-565A 
AD571 
CA3310, HI-7151/52 
AD573 
CA3310, HI-7151/52 
AD574A 
HI-574A 
AD5B9 
ICLB069 
AD590 
AD590 
AD674A 
HI-674A 
AD679 
ICL7115 
AD5240 
HI-674A, HI-774 
AD7501 
HI-50B 
AD7506 
DG506A 
AD7506 
HI-506 
AD7507 
HI-507 
AD7507 
DG507A 
AD7511 
HI-201 
AD7512 
HI-5043 
AD7520 
AD7520 
AD7521 
AD7521 
AD7523 
AD7523 
AD7530 
AD7530 
AD7531 
AD7531 
AD7533 
AD7533 
AD7534 
ICL7134 
AD7535 
ICL7134 
AD7536 
ICL7134 
AD753B 
ICL7134 
AD7541 
AD7541 
AD7545 
AD7545 
AD7579 
CA3310, HI-7151/52 
AD75BO 
CA3310, HI-7151/52 
ADADCBO 
HI-574A, HI-674A 
ADADC84-B5 
HI-674A, HI-774 
ADCOB02 
ADCOB02 
ADCOB03 
ADCOB03 
ADCOB04 
ADCOB04 
ADC10BO/12BO 
HI-574A 
ADC10BO/12BO 
HI-674A 
ADC1210111 
HI-574A 
ADC550 
HI-574A 
ADC574A 
HI-574A 
ADC5B1 
HI-574A 
ADC674A 
HI-674A 
ADC774 
HI-774 
ADCBO 
HI-674A 
ADCB4/B5 
HI-674A 
ADCB412 
HI-674A 
ADCB5C12 
HI-674A 


1-18 


Part Number 
Replacement 
Replacement 


ADC8712 
HI-674A 
ADC9012 
HI-674A 
ADC910 
HI-7151/52 
ADCHX12B 
HI-574A, HI-674A 
ADCL12B2 
. HI-574A 
ADCL12B2 
HI-674A 
ADCM12B2 
HI-674A 
ADCMA12B2B 
HI-674A 
ADCMA12B2B 
HI-574A 
ADCMAI13B2A 
HI-574A 
ADDAC71/72 
HI-DAC16, ICL7121 
ADDAC80V 
HI-DAC80V 
ADDAC85V 
HI-DAC85V 
ADDAC87V 
HI-DAC87V 
ADG201 
DG201A 
• 


ADG201HS 
HI-201HS 
ADG202 
DG202 
ADG211 
DG211 
ADG212 
DG212 
ADG506A 
DG506A 
ADG507A 
DG507A 
ADG508A 
DG508A 
ADG509A 
DG509A 
ADG526 
DG526 
ADG527 
DG527 
ADG528 
DG528 
ADG529 
DG529 
AM6012 
HI-562A 
CA:3304 
CA3304 
CA:3306 
CA3306 
CA3338 
CA3338 
DA700/701 
HI-DAC16, ICL7121 
DA7021703 
HI-DAC16, ICL7121 
DAC1020 
AD7520 
DACt021 
AD7520 
DAC1022 
AD7520 
DAC1220 
AD7521 
DAC1221 
AD7521 
DAC1222 
AD7521 
DAC1265 
HI-565A 
DAC3281016 
HI-DAC16, ICL7121 
DAC346C 
HI-DAC80V 


DAC347LP-12 
HI-DAC87 
DAC372 
HI-DAC80 
DAC562 
HI-562A 
DAC70 
HI-DAC16, ICL7121 
DAC71/72 
HI-DAC16, ICL7121 
DAC7541 
AD7541 
DAC7545 
AD7545 
DAC80 
HI-DAC80V 
DAC85 
HI-DAC85V 
DAC87 
HI-DAC87V 
DACHR16B 
HI-DAC16 
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Competitive 
Cross Reference 
Chart 
(Continued) 


Part Number 


DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 
DG188 
DG189 
DG190 
DG191 
DG200A 
DG201A 
DG202 
DG211 
DG212 
DG271 
DG300A 
DG301A 
DG302A 
DG303A 
DG304A 
DG305A 
DG306A 
DG307A 
DG308A 
DG309 
DG381A 
DG384A 
DG387A 
DG390 
DG5040 
DG5041 
DG5041 
DG5043 
DG5044 
DG5045 
DG506A 
DG507A 
DG508A 
DG509A 
DG5140 
DG5141 
DG5142 
DG5143 
DG5144 
DG5145 


Harris Pin-for-Pin 
Replacement 


DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 
DG188 
DG189 
DG190 
DG191 
DG200 
DG201A 
DG202 
DG211 
DG212 
HI-201HS 
DG300A 
DG301A 
DG302A 
DG303A 
HI-304 
HI-305 
HI-306 
HI-307 
DG308A 
DG309 
HI-381 
HI-384 
HI-387 
HI-390 
HI-5040 
HI-5041 
HI·5042 
IH5043/HI-5043 
HI-5044 
HI-5045 
DG506A 
DG507A 
DG508A 
DG509A 
IH5140 
IH5141 
IH5142 
IH5143 
IH5144 
IH5145 


Harris Closest 
Replacement 


Competitive Cross Reference Chart (Continued) 


Part Number 


DG526 
DG527 
DG528 
DG529 
HI-506A 
HI-507A 
HI·508A 
HI·509A 
HS5200 
HS574 
HS574 
HS7541 
HS7545 
HSDA387 
ICL7106 
ICL7107 
ICL7109 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
LF11201 
LF13201 
LF13508 
LF13509 
LM113 
LT1081 


Harris Pin-for-Pin 
Replacement 


DG526 
DG527 
DG528 
DG529 
HI·506A 
HI·507A 
HI·508A 
HI·509A 


HI·574A 
HI-674A 
AD7541 
AD7545 
HI·DAC87V 
ICL7106 
ICL7107 
ICL7109 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218, ICM7228 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
DG201 
DG201A 
DG508A 
DG509A 
ICL8069 
ICL232 


Harris Closest 
Replacement 


• 


r"i:lU ••.•umDer 
Replacement 
Replacement 


MAX130 
ICL7106 
MAX131 
ICL7136 
MAX136 
ICL7116 
MAX173 
HI-7152 
MAX177 
HI-7151 
MAX232 
ICL232 
MAX358 
IH5108 
MAX359 
IH5208 
MC3412 
HI-565A 
MP5010 
ICL8069 
MP574A 
HI-574, HI-674A 
MP7520 
A07520 
MP7521 
A07521 
MP7523 
A07523 
MP7533 
A07533 
MP7541 
A07541 
MP7545 
A07545 
MP7621 
A07541 
MP7682 
CA3306 
MP7684 
HI-5700 
MP7684A 
HI-5700 
MPC800KG 
HI-516-5 
MPC801KG 
HI-518-2 
MPC801SG 
HI-518-1 
MUX-08 
HI-508 
MUX-16 
HI-506 
MUX·24 
HI-509 
MUX-28 
HI-507 
MUX·88 
HI-508 
MX151 
HI-7152 
MX565A 
HI-565A 
MX574A 
HI-574A 
MX674A 
HI-674A 
MX774 
HI-774 
MX7520 
A07520 
MX7521 
A07521 
MX7523 
A07523 
MX7530 
A07530 
MX7533 
A07533 
MX7534 
ICL7134 
MX7535 
ICL7134 
MX7536 
ICL7134 
MX7541 
A07541 
MX7545 
A07545 
PM562 
HI-562A 
PM7533 
A07533 
PM7541 
A07541 
PM7545 
A07545 
TL185 
HI-5045 
TL188 
HI-5042 
TL191 
IH5043/HI-5043 
TLC7135 
ICL7135 
TS8308 
CA3318 
TSC04 
ICL8069 
TSC232 
ICL232 
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nd... :» r."·,u,-r,,, 
nail 
n:t "'IU.,'C'.,1. 


Par1 Number 
Replacement 
Replacement 


TSC7106 
ICL7106 
TSC7107 
ICL7107 
TSC7109 
ICL7109 
TSC7116 
ICL7116 
TSC7117 
ICL7117 
TSC7126 
ICL7126 
TSC7129 
ICL7129 
TSC7135 
ICL7135 
TSC7136 
ICL7136 
TSC7137 
ICL7137 
TSC7211 
ICM7211 
TSC7212 
ICM7212 
TSC805 
ICL7149 
TSC810 
ICL7116 
TSC815 
ICL7149 
TSC825 
ICL7182 
-- 


TSC9491 
ICL8069 


CA3162/CA3162A 


ICL71C03/1CL8052 


ICL71C03/1CL8068 


ICL710€i 


ICL7107' 


ICL7116 


ICL7117' 


ICL712€l 


ICL712H 


ICL713€i 


ICL7137 


ICL713H 


ICL714~) 


ICL718::! 


AID 
Converter 
for 3V2-Digit 
Display 
, .. , 
, 
. 


Precision 
4'h-Digit 
AID 
Converter 
. ~ 
. 


Precision 
4'h-Digit 
AID 
Converter 
. 


3V2-Digit 
LCD Single-Chip 
AID 
Converter 
. 


3V2-Digit 
LED Single-Chip 
AID 
Converter 
. 


3V2-Digit with Display 
Hold Single-Chip 
AID Converter 
. 


3V2-Digit with Display 
Hold Single-Chip 
AID Converter 
. 


3V2-Digit 
Low Power Single-Chip 
AID 
Converter 
. 


4V2-Digit 
LCD Single-Chip 
AID 
Converter 
. 


3V2-Digit 
LCD Low Power AID 
Converter 
. 


3'h-Digit 
LED Low Power Single-Chip 
AID Converter 
. 


33f4-Digit Autoranging 
Multimeter 
. 


Low Cost 33/4-Digit Autoranging 
Multimeter 
. . . . . . . . . . . . 
. 
. 


101 Segment 
LCD Bargraph 
AID Converter 
.................•........... 


2-2 


2-9 


2-9 


2-30 


2-30 


2-43 


2-43 


2-55 


2-67 


2-81 


2-93 


2-103 


2-117 


2-131 • 


• 
Dual-slope 
A/D 
conversion 
• 
Multiplexed 
BCD display 
• 
Ultra-stable 
internal 
band-gap 
voltage 
reference 
• 
Capable 
of reading 
99 mV below 
ground 
with single 
supply 
• 
Differential 
input 
• 
Internal 
timing 
- no external 
clock 
required 
• 
Choice 
of 
low-speed 
(4-Hz) 
or 
high-speed 
(96-Hz) 
conversion 
rate 


• 
"Hold" 
inhibits 
conversion 
but 
maintains 
delay 
• 
Overrange 
indication 
- "EEE" 
for 
reading 
greater 
than + 999mV, 
"-" 


for 
reading 
more 
negative 
than 
-99 mV when used with CA3161E 
BCD-to-Seven 
Segment 
Decoder/ 


Driver 
• 
Extended 
temperature 
range 
version 
available 


The 
CA3162E 
and 
CA3162AE 
are 
12L 
monolithic 
AID 
converters 
that provide 
a 3-digit 
multiplexed 
BCD output. 


They are used with the CA3161 E BCD-to-Seven-Segment 
Decoder/Driver" 
and 
a minimum 
of 
external 
parts 
to 


implement 
a complete 
3-digit 
display. 
The CA3162AE 
is 


identical 
to the CA3162E except for an extended 
operating 
temperature 
range. 


The 
CA3162 
is supplied 
in a 16-lead 
dual-in-line 
plastic 
package 
(E suffix). 
The CA3162 
is also available 
in chip 
form 
(H suffix). 


" The CA3161 E is described 
in RCA data bulletin 
File No. 


1079. 


TERMINAL 
ASSIGNMENT 


CA3162E 


BCD 
l 2' 
, 
OUTPUTS, 
20 
2 


DIGIT 
)11150 
3 
o~~~~~~ 
MSO 
LSD 


HOLD/BYPASS 
6 


Gill 0 
1 


lEHQ 
ADJ 
8 


•"5o-"OST 
SIGNIFICANT 
DIGIT 


1\150- NEXT 
SIGNIFICANT 
DIGIT 


LSD· 
LEAST 
SIGNIFICANT 
DIGIT 


'! 
BCD 
.6 
~l 
OUTPUTS 


v+ 


GAIN 
AOJ 


I 
II\ITEGRATlNG 
CAP 


II 
HIGH 
INPUT 


lOW 
INPUT 


9 
ZERO 
AOJ 


~ 


DC SUPPLY VOLTAGE (between terminals 7 and 14) .....•............•...............•..•......•..•......•............•...... 
+7 V 
() 
INPUT VOLTAGE (terminal 10 or11 to ground) ..............•............ 
0.... 
. 
±15 V N 
DEVICE DISSIPATION: 
: 
Up to TA ; +55°C' 
. . . . . . . . . . . . 
. . . •. . • . . . . 
. •......•.......................... 
750 mW 
C') 
Above TA ; +55°C . 
..•........ 
. 
Derate Linearly at 7.9 mW/oC 
::! 
AMBIENT TEMPERATURE RANGE: 
••• 
Operating, CA3162E 
Operatin:g, CA3162AE .. 
Storage 
LEAD TEMPERATURE (DURING SOLDERING): 
At distunce 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max... 


................................. 
0 to +75°C 
. ............•..•......... 
-40 to +85°C 
.......•........... 
.. ....••.....•... 
-65to+150°C 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIn. 
Typ. 
M••. 


Operllting 
Supply 
Voltage 
Range V + 
- 
4.5 
5 
5.5 
V 


Supply 
Current. 
1+ 
100 kO to V+ on terms. 
3, 4, 5 
- 
- 
17 
mA 


Input 
Impedance. 
Z, 
- 
- 
100 
- 
MO 


Input 
Bias Current. 
liB 
Terms. 
10 and 11 
- 
-80 
- 
nA 


Unadjusted 
Zero Offset 
V11 -VlO = 0 V, read decoded 
output 
-12 
- 
+12 
mV 


Unadjusted 
Gain 
Vl1 -V10 = 900 mV, read decoded. 


846 
- 
954 
mV 
output 


Linearity 
See Notes 
1 and 2 
-1 
- 
+1 
Count 


Convl~rsion 
Rate: 


Slow 
Mode 
- 
Term. 
6 = open or gnd 
- 
4 
- 
Hz 
Fast Mode 
Term. 
6 = 5 V 
- 
96 
- 


Conversion 
Control 
Voltage 
0.8 
1.2 
1.6 
V 
- 
(Hold 
Mode) 
at Terminal 
6 


Common-Mode 
Input 
Voltage 
See Note 3. 4 
-0.2 
+0.2 
V 
- 
Rang,~. VICR 


BCD Sink Current 
at terms. 
1, 2, 15, 16 
VBCD ;:::0.5 V. at logic zero state 
0.4 
1.6 
- 
mA 


Digit 
Select 
Sink Current 
at terms. 
3. 
VDigit Select = 4 V at logic 
zero 
1.6 
2.5 
- 
mA 
4.5 
state 


Zero Temperature 
Coefficient 
VI = 0 V, zero pot centered 
- 
10 
- 
pvrv 


Gain Temperature 
Coefficient 
VI = 900 mV, gain pot = 2.4 KO 
- 
0.005 
- 
%rC 


1. 
Apply 
zero volts across 
Vl1 to V10. Adjust 
zero potentiometer 
to give 000 mV reading. 
Apply 
900 mV to input 
and adjust 


gain potentiometer 
to give 900 mV reading. 
2. 
Linearity 
is measured 
as a difference 
from a straight 
line drawn 
through 
zero and positive 
full scale. Limits 
do not include 


± 0.5 count 
bit digitizing 
error. 
3. 
For applications 
where 
negative 
terminal 
10 is not operated 
at terminal 
7 potential. 
a return 
path of not more than 100 kO 


resistance 
must be provided 
for input 
bias currents. 


4. 
The common-mode 
input voltage 
above ground 
cannot 
exceed 
+0.2 V if the full input signal 
range of999 
mV is required 
at 


terminal 
11. That is. terminal 
11 may not operate 
higher 
than 1.2 V positive 
with 
respect 
to ground 
or 0.2 V negative 
with 


respt~ct to ground. 
If the maximum 
input 
signal 
is less than 
999 mV, the common-mode 
input 
voltage 
may be raised 


accordingly. 


• 


:s CA3162, CA3162A 
CD 
'P' 
C') 
Circuit 
Description 
CU 
The functional 
block 
diagram 
of the CA.,3162E is shown 
in 
ci 
Fig. 
1. The 
heart 
of the system 
is the 
VII 
converter 
and 
CD 
reference-current 
generator. 
The VII converter 
converts 
the 
'P' 
input 
voltage 
applied 
between 
terminals 
10 and 
11 to a 
C') 
current 
that ch'arges the integrating 
capacitor 
on terminal 
~ 
12 for 
a predetermined 
time 
interval. 
At the 
end 
of the 
charging 
intental, 
the VII converter 
is disconnected 
from 
the 
integrating 
capacitor, 
and 
a band-gap 
reference 
constant-current 
source 
of opposite 
polarity 
is connected. 


The number of clock counts that elapse before the charge is 
restored 
to its original 
value is a direct 
measure of the signal 
induced 
current. 
The 
restoration 
is 
sensed 
by 
the 
comparator, 
which 
in turn latches the counter. 
The count is 
then multiplexed 
to the BCD outputs. 


The timing 
for the CA3162E 
is supplied 
by a 786-Hz 
ring 
oscillator, 
and 
the 
input 
at 
terminal 
6 determines 
the 
sampling 
rate. A 5-V input provides 
a high-speed 
sampling 


NOTE 
1 - 
THE CAPACITOR 
USED 
HERE MUST 
BE Ii. lOW 
DIELECTRIC 


ABSORPTION 
TYPE SUCH 
AS Ii. POLYESTER 
OR POL Y$TYRENE 


TYPE. 


2 - 
THIS CAPACITOR 
SHOULD 
BE PLACED 
A$ClOSE 
ASPOSSIBlE 


TO THE 
POWER 
AND 
GROUND 
TERMINALS 
OF THE 
CA3181E. 


rate (96 Hz), and grounding 
orf/oating 
terminal 
6 provides 
a 
low-speed 
(4 Hz) sampling 
rate. When terminal 
6 isfixed 
at + 
1.2 V (by placing 
a 12 K resistor 
between terminal 
6 and the + 
5-V supply) 
a."hold" 
feature 
is available. 
While the CA3162E 


is in the hold 
mode, 
sampling 
continues 
at 4 Hz but the 
display 
data 
are latched 
to the 
last 
reading 
prior 
to the 
application 
of the 
1.2 V. Removal 
of the 
1.2 V restores 
continuous 
display 
changes. 
Note, 
however, 
that 
the 
sampling' 
rate remains 
at 4 Hz. 


Fig. 3 shows the timing 
of sampling 
and digit select 
pulses 
forthe 
high-speed 
mode. Note that the basic AID conversion 
process 
requires 
approximately 
5 ms in both modes. 


The "EEE" 
or "---" 
displays 
indicate 
that the range 
of the 
system- 
has 
been 
exceeded 
in the 
positive 
or 
negative 
direction, 
respectively. 
Negative 
voltages 
to -99 
mV are 
displayed 
with the minus sign in the MSD. The BCD code is 
1010 for a negative 
overrange 
(---) and 1011 for a pollitive 
overrange 
(EEE). 


POWER 
2..•2907 
OA 
tOOlV 


CA!162E 
Tt:RMINALS 


~ 


".,~.. 


DIGIT 
DRIV[1t 


C.3162£ 
TERMINALS 


~ 


"2' 
1>,1. 750 


BCO 
SEGMENT 
DRIVERS 


;...... 
,-:=--, 
,-~ 
'- 
... 
- _J 
- I-- 


,=.;.::...; L 
_If 
'- 
- ---J 
- 


I 


CA3162E, Liquid Crylt.1 Dlapl.y 
(LCD) Appllc.tlon 


Fig. 4 shows the CA3162E in a typical LCD application. 
LCD's may be used in favor of LED displays in applications 
requiring lower power dissipation. such as battery-operated 
equipmllnt, 
or when visibility 
in high-ambient-light 
conditions is desired. 


Multiplexing of LCD digits is not practical, since LCD's 
must be driven by an ac signal and the average voltage 
across each segment is zero. Three CD4056Bliquid-crystal 
decoderldriversaretherefore used.EachCD4056Bcontains 
an input latch so that the BCD data for each digit may be 
latched into the decoder using the inverted digit-select 
outputs of the CA3162Eas strobes. 


The capAcitors on the outputs of inverters G3 and G4 filter 
out the decode spikes on the MSD and NSD signals. The 


8 
14 
124 
MSD 


3 
NSD 


9 
5 
LSD 


16 
2' 


CA3162E 
22 
15 


I 
2' 
0 
" 


2 


10 
13 
4X 
GAIN 
100 


,OKn 


GI-G6 
:C004049UB 
HEX 
INVERTER 
G7, G8,G9 
CD40238 
TRIPLE 
3~INPUT 
NAND 
GATE 


capacitors and pull-up resistors connected to the MSD. 
NSD and LSD outputs are there to shorten the digit drive 
signal thereby providing proper timing for the CD4056B 
latches. 


Invllrters G1 and G2 are used as an astable multivibrator to 
provide the acdrive to the LCD backplane. Inverters G3.G4. 
and G5 are the digit-select inverters and require pull-up 
resistors to interface the open-collector 
outputs of the 
CA3162Eto CMOS logic. The BCD outputs of the CA3162E 
may be connected directly to the corresponding CD4056B 
inputs (using pull-up resistors). In this arrangement. the 
CD4056B decodes the negative sign (-) as an "L" and the 
positive overload indicator (E) as an "H". 


The circuit as shown in Fig. 4, using G7, G8 and G9. will 
decode the negative sign (-) as a negative sign (-), and the 
positive overload indicator (E) as "H" . 
• 
•5V 


O.047~F 
I 
16 


Q047I'F 
6 
r 


4 
}~- 


C040568 
2 
OF LCD 


3 


5 


.5V 


1 
16 


6 


4 
}~.~ 
2 CD40568 
OF 
LCD 


3 


5 
8 


.5V 


I 
16 


6 


4 
}~"" 


C040569 
OF LCD 
2 


3 


5 
7 
8 


TO 
LCD 
8ACKPLANE 


CA3162E Common-Cathode, 
LED Display AppliCatiOn 


Fig. 
5 shows 
the 
CA3162E 
connected 
to 
a CD4511B 
decode/driver 
to operate 
a common-cathode 
LED display. 
Unlike 
the 
CA3161E, 
the CD4511B 
remains 
blank 
for 
all 
BCD 
codes 
greater 
than 
nine. 
After 
999 mV the 
display 
blanks 
rather 
than 
displaying 
EEE, as with 
the CA3161 E. 
When 
displaying 
negative 
voltage, 
the first 
digit 
remains 
blank 
instead 
of 
(-), 
and 
during 
a negative 
or 
positive 
overrange 
the display 
blanks. 


I ne aoailional 
lOgiC snown 
Wlwtn we aOllea 
area 01 ~Ig.:> 


restores 
the 
negative 
sign 
(-), 
allowing 
the 
display 
of 
negative 
numbers 
as low as -99 mV. Negative 
overrange 
is 
indicated 
by a negative 
sign 
(-) in the MSD position. 
The 
rest of the display 
is blanked. 
During 
a positive 
overrange, 
only segment 
b of the MSD is displayed. 
One inverter 
from 
the 
CD4049B 
is used 
to operate 
the 
decimal 
points. 
By 
connecting 
the inverter 
input to either the MSD or NSD line 
either 
DP1 or DP2 will be displayed. 
Fig. 7 shows 
the P.C 
board and component 
placement. 


I-------~----------I 


I 
OPI 
IOOKD 
221(0 
I 


Fig. 6 - P.C. board' 
template (actual size ± 3%) and component layout 
guide for circuit shown in Fig. 2. 


Fig. 7 - P.C. board template (actual size ± 3%) and component layout 


guide 
lor circuit 
shown 
in Fig. 
5. 
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~ CA3162, CA3162A 
CD.. 
CO) 
10 
20 
30 
40 
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70 
90 
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C 
I 
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I 
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CO) 
C 
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Part Number 
Temperature 
Range 
Package 


CA3162E 
OOCto + lOoC 
16-Pin Plastic 
Dip 


CA3162AE 
-400C 
to + 850C 
16-Pin Plastic 
Dip 


Thephotographs and dimensions of each Linear 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect.to the 
face of the chip. Therefore, the isolated chip is 
actually 
7 mils 
(0.17 
mm) 
larger 
in 
both 


dimensions. 


Dimensions 
in 
parentheses 
are 
in 
millimeters 


and 
are 
derived 
from 
the basic 
inch 
dimensions 
as indicated. Grid graduations are in mils (1(}"3 
inch). 


ICL8052/ICL71C03 ~ 
u 
ICL8068/ICL71C03 
5 
Precision 4% Digit AID Converter 
g 


CDoo 
CD 
•••S! 


HARRIS 
SEMICONDUCTOR 


The ICL8052 
or ICL8068/ICL71C03 
chip 
pairs with their 
multiplexed 
BCD output 
and digit drivers 
are ideally 
suited 
for the 
visual 
display 
DVM/DPM 
market. 
The 
outstanding 
4% digit accuracy, 
200.00 
mV to 2.0000V 
full scale capabili- 


ty, auto-zero 
and auto-polarity 
combine 
with true ratiometric 
operation, 
almost 
ideal differential 
linearity 
and time-proven 
dual 
slope 
conversion. 
Use of these 
chip 
pairs 
eliminates 
clock 
feedthrough 
problems, 
and avoids 
the critical 
board 
layout 
usually 
required 
to minimize 
charge 
injection. 


When 
only 
2000 
counts 
of 
resolution 
are 
required 
the 
71C03 
can be wired 
for 3% 
digits 
and give up to 30 read- 
ings/ second 
making 
it ideally 
suited 
for a wide 
variety 
of 
applications. 


The ICL71C03 
is an improved 
CMOS 
plug-in replacement 
for the ICL7103 
and should 
be used in all new designs. 


Part Number 
Temp. 
Range 
Package 


ICL8052CPD 
O'Cto 
+70'C 
14-Pin Plastic DIP 


ICL8052CDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8052CJD 
O'Cto 
+70'C 
14-Pin CERDIP 


ICL8052ACPD 
O'Cto 
+70'C 
14-Pin Plastic DIP 


ICL8052ACDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8052ACJD 
O'Cto 
+70'C 
14-Pin CERDIP 


ICL8068CDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8068ACDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8068ACJD 
O'Cto 
+70'C 
14-Pin CERDIP 


ICL71C03CPI 
O'Cto 
+70'C 
28-Pin Plastic DIP 


ICL71C03ACPI 
O'Cto 
+70'C 
28-Pin Plastic DIP 


0439-1 
Figure 
1: ICL8052/ICL8068 
Pin Configuration 
and 
Functional 
Diagram 


• Typically 
Less 
Than 
2 ",V pop Noise 
(200.00 
mV Full 
Scale, 
ICL8068) 


• Accuracy 
Guaranteed 
to ± 1 Count 
over 
Entire 


± 20,000 
Counts 
(2.0000V 
Full Scale) 


• Guaranteed 
Zero 
Reading 
for 
OV Input 


• True 
Polarity 
at Zero 
Count 
for 
Precise 
Null 
Detection 


• Single 
Reference 
Voltage 
Required 


• Over-range 
and 
Under-Range 
Signals 
Available 
for 
Auto-Ranging 
Capability 


• All Outputs 
TTL 
Compatible 


• Medium 
Quality 
Reference 
(40 ppm 
typical) 
on Board 


• Blinking 
Display 
Gives 
Visual 
Indication 
of 
Overrange 


• Six Auxiliary 
Inputs/Outputs 
Are 
Available 
for 
Interfacing 
to UARTs, 
Microprocessors 
or Other 
Complex 
Circuitry 


• 5 pA Input 
Current 
Typical 
(8052A) 


v· 


4~/31 
D1 (LSD) 


POL 
D2 


R/H 
D3 


COIolP IN 
D4 
v- 
B8 
(IoISB) 


REFERENCE 
B4 


REF. CAP. 
1 
B2 


REF. CAP. 
2 
Bl 
(LSB) 


ANALOG 
IN 
D5 
(IoISD) 


ANALOG 
GND 
STROBE 


CLOCK 
IN 
A-Z 
IN 


UNDERRANGE 
A-Z 
OUT 


OVERRANGE 
DIGITAL 
GND 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICI£ 
OF THE 
CONDITION 
OF SALE. 
THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
ANO FITNESS 
FOR A PARTICUlAR 
USE. 


• 


••••••g 
Power Dissipation 
(Note 1) 
500 mW 
.•.• 
CD 
Storage 
Temperature 
-65'C 
to + 150'C 


~ 
Lead Temperature 
(Soldering, 
10 Sec.) 
300'C 
CD 
8052,8068 


••• 
Supply Voltage 
± 18V 
g 
Differential 
Input Voltage 
C'i' 
(8068) 
......................•................ 
± 30V 
o 
(8052) .........................•.....•......... 
± 6V 


~ 
Input Voltage 
(Note 2) 
± 15V 


~ 
Output 
Short 
Circuit 
Duration, 


U 
All Outputs 
(Note 3) 
Indefinite 


:::::. Operating 
Temperature 
O'C to + 70'C 
C\I 
."o 
CD 
•••g 


71C03 


Power Supply Voltage 
(GND to V+) 
........•........ 
6.5V 


Negative 
Supply Voltage 
(GND to V-) 
-17V 


Analog 
Input Voltage 
(Note 4) 
V+ 
to V- 


Digital 
Input Voltage 
(Note 5) 
(GND 
- 
0.3V) to (V+ 
+ 0.3V) 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
to the devWe. These are stress ratings only 
and functional opera/ion of the device at these or any other conditions 


above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum rating conditions for extended 
peri- 


ods 
may 
affect 
device 
reliability. 


Symbol 
Characteristics 
Test Conditions 
Mln 
Typ 
Max 
Units 


IINL 
Clock In, Run/Hold, 
4 %/3% 
VIN = 0 
0.2 
0.6 
mA 


IINH 
VIN = +5V 
0.1 
10 
Il-A 


IINL 
Compo In Current 
VIN = 0 
0.1 
10 
Il-A 


IINH 
VIN = +5V 
0.1 
10 
Il-A 


VINTH 
Threshold 
Voltage 
2.5 
V 


VOL 
All Outputs 
IOL = 1.6mA 
0.25 
0.40 
V 


VOH 
81, 82, 84. 8a 
IOH = -1 
mA 
2.4 
4.2 
V 
Dl' 
D2' D3' D4' D5 


VOH 
8usy, Strobe, 
IOH = -10I-'A 
Over-range, 
Under-range 
4.9 
4.99 
V 
Polarity 


rOS(on) 
Switches 
1, 3, 4, 5, 6 
400 
n 


rOS(on) 
Switch 
2 
1200 
n 


10(011) 
Switch 
Leakage 
(All) 
2 
pA 


V+ 
+ 5V Supply 
Range 
+4 
+5 
+6 
V 


V- 
- 15V Supply 
Range 
-5 
-15 
-18 
V 


1+ 
+ 5V Supply Current 
fclk = 0 
1.1 
3.0 
mA 


1- 
-15V 
Supply Current 
fclk = 0 
0.8 
3.0 
mA 


CPO 
Power Dissipation 
Capacitance 
vS. Clock Freq 
40 
pF 


Clock Freq. (Note 6) 
DC 
2000 
1200 
kHz 


NOTES 
1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature 
below + 70"C. For higher 


temperatures, derate 10 mWre. 


2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 


3: Short circuit may be to ground or either supply. Rating app:ies to + 700e ambient temperature. 


4: Input voltages may exceed the supply voltages provided the input current is limited to ± 100 1J-A. 


5: Connecting any digital inputs or outputs to voltages greater than V+ 
or less than GND may cause destructive device latchup. For tnis reason it is 


recommended that the power supply to the 71C03 be established before any inputs from sources not on that supply are applied. 


6: This specification relates to the clock frequency range over which the ICL71C03(A) will correctly perform its various functions. See the "Max Clock 
Frequency" section under COMPONENT 
VALUE SELECTION 
for li~itationson the clock frequency range in a system. 


ICLl3068 ELECTRICAL 
CHARACTERISTICS 
(VSUPPLY = 
± 15V, TA = 
25·C unless 
otherwise 
specified) 


8068 
8068A 
Symbol 
Characteristics 
Test Conditions 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


EACH OPERATIONAL 
AMPLIFIER 


Vas 
Input Offset Voltage 
VCM = OV 
20 
65 
20 
65 
mV 


IIN 
Input Current 
(either input) (Note 1) 
VCM = OV 
175 
250 
80 
150 
pA 


CMF1R 
Common-Mode 
Rejection 
Ratio 
VCM= 
±10V 
70 
90 
70 
90 
dB 


Non-Linear 
Component 
of 
VCM = 
±2V 
Common-Mode 
Rejection 
110 
110 
dB 


Ratio (Note 2) 


Av 
Large Signal Voltage 
Gain 
RL = 50 kO 
20,000 
20,000 
VIV 


SR 
Slew Rate 
6 
6 
V/JJ-s 


GBW 
Unity Gain Bandwidth 
2 
2 
MHz 


Isc 
Output 
Short-Circuit 
Current 
5 
5 
mA 


COMPARATOR 
AMPLIFIER 


AvaL 
Small-Signal 
Voltage 
Gain 
RL =30 
kO 
4000 
VIV 


+VO 
Positive 
Output Voltage 
Swing 
+12 
+13 
+12 
+13 
V 


-Yo 
Negative 
Output Voltage 
Swing 
-2.0 
-2.6 
-2.0 
-2.6 
V 


VOL.TAGE 
REFERENCE 


Va 
Output Voltage 
1.5 
1.75 
2.0 
1.60 
1.75 
1.90 
V 


Ra 
Output 
Resistance 
5 
5 
0 


TC 
Temperature 
Coefficient 
50 
40 
ppmrC 


VSUPPLY 
Supply Voltage 
(V+ + - 
V-I 
±10 
±16 
±10 
±16 
V 


ISUPPLY 
Supply Current 
Total 
14 
8 
14 
mA 


IClIlJ052 ELECTRICAL 
CHARACTERISTICS 
(VSUPPLY = 
± 15V, TA = 
25·C unless 
otherwise 
specified) 


8052 
8052A 
Symbol 
Characteristics 
Test Conditions 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


EACH OPERATIONAL 
AMPLIFIER 


Vas 
Input Offset 
Voltage 
VCM = OV 
20 
75 
20 
75 
mV 


IIN 
Input Current 
(either input) (Note 1) 
VCM = OV 
5 
50 
2 
10 
pA 


CMRR 
Common-Mode 
Rejection 
Ratio 
VCM = 
±10V 
70 
90 
70 
90 
dB 


Non-Linear 
Component 
of 
VCM = 
±2V 


Common-Mode 
Rejection 
110 
110 
dB 


Ratio (Note 2) 


Av 
Large Signal Voltage 
Gain 
RL = 50 kO 
20,000 
20,000 
VIV 


SR 
Slew Rate 
6 
6 
V/JJ-s 


GBW 
Unity Gain Bandwidth 
1 
1 
MHz 


Isc 
Output Short-Circuit 
Current 
20 
20 
mA 


• 


ICL8052 
ELECTRICAL 
CHARACTERISTICS 
(VSUPPLY = 
±15V. 
TA = 25·C unless 
otherwise 
specified) 
(Continued) 


Test 
Conditions 
I 
8052 
8052A 
Symbol 
Characteristics 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


COMPARATOR 
AMPLIFIER 


AVOL 
Small-Signal 
Voltage 
Gain 
RL = 30 kO 
4000 
VIV 


+VO 
Positive 
Output 
Voltage 
Swing 
+12 
+13 
+12 
+13 
V 


-Va 
Negative 
Output Voltage 
Swing 
-2.0 
-2.6 
-2.0 
-2.6 
V 


VOLTAGE 
REFERENCE 


Va 
Output Voltage 
1.5 
1.75 
2.0 
1.60 
1.75 
1.90 
V 


Ro 
Output 
Resistance 
5 
5 
0 


TC 
Temperature 
Coefficient 
50 
40 
ppml"C 


VSUPPLY 
Supply Voltage 
(V+ + - 
V-) 
±10 
±16 
±10 
±16 
V 


ISUPPLY 
Supply Current Total 
6 
12 
6 
12 
mA 


NOTES 1: The input bias currents are junction leakage currents which approximately 
double for every 1DOCincrease in the junction temperature, 
TJ. Due to limited 


production 
test time, the input bias currents 
are measured with junctions 
at ambtent temperature. 
In normal operation 
the junction temperature 
rises 


above the ambient temperature 
as a result of internal power dissipation. 
Pd. TJ = TA + ReJAPd where ReJA is the thermal resistance 
from junction to 


ambient. A heat sink can be used to reduce temperature 
rise. 


2: This is the only component 
that Ciiuses error in dual·slope 
converter. 


SYSTEM ELECTRICAL 
CHARACTERISTICS: 
8068171C03 
(V + + = 
+ 15V, v+ 
= 
+ 5V. v- 
= 
-15V, 
TA = 25·C, Clock 
Frequency 
Set for 3 Reading/Sec.) 


8068171C03(1) 
8068AI71C03A(2) 
Characteristics 
Conditions 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Zero Input Reading 
VIN = O.OV 
-000.0 
±OOO.O 
+000.0 
-000.00 
±OOO.OO 
+000.00 
Digital 
Full Scale = 200.00 
mV 
Reading 


Ratiometric 
Reading 
VIN = VREF 
+0.999 
+1.000 
+1.001 
+0.9999 
+1.0000 
+ 1.0001 
Digital 
(Note 3) 
Full Scale = 2.000V 
Reading 


linearity 
Over 
± Full Scale 
-2V 
,;; VIN s.-+2V 


(Error of Reading 
from 
0.2 
1 
0.5 
1 
COUNTS 
Best Straight 
Line) 


Differential 
Linearity 
-2V';; 
VIN';; 
+2V 
(Difference 
between 
Worse 
0.01 
0.01 
COUNTS 
Case Step of Adjacent 
Counts 
and Ideal Step) 


Rollover 
Error (Difference 
-VIN"" 
+VIN::::; 
2V 
in Reading 
for Equal 
0.2 
1 
0.5 
1 
COUNTS 
Positive & Negative 
Voltage 
Near Full Scale) 


Noise (P-P 
Value Not 
VIN = OV 
3 
2 
IJ-V 
Exceeded 
95% of Time) 
Full Scale = 200.0 mV 


Leakage 
Current 
at Input 
V,N = OV 
200 
300 
100 
200 
pA 


Zero Reading 
Drift 
V,N = OV 
0,;; 
TA';; 
50·C 
1 
5 
0.5 
2 
IJ-VI"C 
(Note 4) 


Scale Factor Temperature 
VIN = +2V 
Coefficient 
0,;; 
TA';; 
50·C 
3 
15 
2 
ppml"C 
(Note 4) 
5 


(Ext. Ref. 0 ppml"C) 


SYSTEM. ELECTRICAL 
CHARACTERISTICS: 
8052171C03 
(v+ + = 
+ 1SV, v+ = 
+ SV, v- 
= 
-1SV, 
TA = 2S·C, Clock 
Frequency 
Set for 3 Reading/Sec.) 


8068171C03(1) 
8068A/71C03A(2) 
Characteristics 
Conditions 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Zero Input Reading 
VIN = O.OV 
-0.000 
±O.OOO 
+0.000 
-0.0000 
±O.OOOO 
+0.0000 
Digital 


Full Scale = 2.000V 
Reading 


Ratiometric 
Reading 
VIN = VREF 
+0.999 
+1.000 
+1.001 
+0.9999 
+1.0000 
+1.0001 
Digital 


(Note 3) 
Full Scale = 2.000V 
Reading 


Linearity 
Over 
± Full Scale 
-2V 
:s; VIN :s; +2V 


(Error of Reading 
from 
0.2 
1 
O.S 
1 
COUNTS 


Best Straight 
Line) 


Differential 
Linearity 
-2V 
:s; VIN :s; +2V 


(Difference 
between 
Worse 
0.01 
0.01 
COUNTS 
Case Step of Adjacent 


Counts 
and Ideal Step) 


Rollover 
Error Difference 
-VIN 
== +VIN 
;:::;2V 


in Reading 
for Equal 
0.2 
1 
O.S 
1 
COUNTS 
Positive 
& Negative 


Voltage 
Near Full Scale) 


Noise (P-P 
Value not 
VIN = OV 
Excoeded 
9S% of Time) 
Full Scale = 200.0 mV 
20 
!LV 
Full Scale = 2.000V 
SO 
30 


Leaf,age 
Current 
at Input 
VIN = OV 
S 
30 
3 
10 
pA 


Zero-Reading 
Drift 
VIN = OV 
1 
5 
O.S 
2 
!LVI"C 
O:S; TA:S; 70·C 


Scale Factor 
VIN = +2V 
Temperature 
Coefficient 
O:S; TA:S; 70·C 
3 
15 
2 
S 
ppml"C 
(Ext. Ref. 0 ppml"C) 


NOTES 
1: Tested 
in 3% 
digit 
(2,000 
count) 
circuit 
shown 
in Figure 
7, clock 
frequency 
12 
kHz. 
Pin 2 71C03 
connected 
to GND. 


2: 
Tested 
in 41,12 digit 
(20,000 
count) 
circuit 
shown 
in Figure 
7, clock 
frequency 
120 
kHz. 
Pin 2 71C03A 
open. 


3: 
Tested 
with 
a low 
dielectric 
absorption 
integrating 
capacitor. 
See 
Component 
Selection 
Section. 


4: The temperature range can be extended to + 70"C and beyond as long as the auto·zero and reference capacitors are increased to absorb the higher 
leakage of the 8068. 
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DETAILED 
DESCRIPTION 
Analog Section 


Figure 4 shows 
the equivalent 
Circuit 
of the Analog 
Sec- 
tion of both the ICL71C03/8052 
and the ICL71C03/8068 
in 
the 3 different 
phases 
of operation. 
If the RUN/HOLD 
pin is 
left open or tied to V + , the system 
will perform 
conversions 
at a rate determined 
by the clock 
frequency: 
40,002 
at 4 % 
digit and 4002 at 3% digit clock 
periods 
per cycle 
(see Fig- 
ure 5 for details 
of conversion 
timing. 
1. AUTO-ZERO 
PHASE 
I 
(Figure 4A) 


During 
Auto-Zero, 
the input of the buffer 
is connected 
to 
VREF through 
switch 
2, and switch 
3 closes 
a loop around 
the 
integrator 
and comparator, 
the 
purpose 
of which 
is to 
charge 
the 
auto·zero 
capacitor 
until 
the 
integrator 
output 
does not change 
with time. Also, switches 
1 and 2 recharge 
the reference 
capacitor 
to VREF. 


2. INPUT 
INTEGRATE 
PHASE 
II 
(Figure 4B) 


During 
Input 
Integrate 
the auto-zero 
loop is opened 
and 
the ANALOG 
INPUT 
is connected 
to the 
BUFFER 
INPUT 
through 
switch 
4 and CREF. If the input 
signal 
is zero, 
the 
buffer, 
integrator 
and comparator 
will see the same voltage 


that existed 
in the previous 
state 
(Auto-Zero). 
Thus, 
the in- 
tegrator 
output 
will 
not 
change 
but will 
remain 
stationary 
during 
the entire 
Input Integrate 
cycle. 
If VIN is not equal to 
zero, an unbalanced 
condition 
exists compared 
to the Auto- 
Zero phase, 
and the integrator 
will generate 
a ramp whose 
slope 
is proportional 
to VIN' At the end of this 
phase, 
the 
sign of the ramp is latched 
into the polarity 
F/F. 
3. DEINTEGRATE 
PHASE II 
(Figures 
4C and 40) 


During the Deintegrate 
phase, 
the switch 
drive logic uses 
the 
output 
of the 
polarity 
F/F 
in determining 
whether 
to 
close switch 
6 or 5. If the input signal is positive, 
switch 
6 is 
closed 
and 
a voltage 
which 
is VREF more 
negative 
than 
during Auto-Zero 
is impressed 
on the BUFFER 
INPUT. 
Neg- 
ative Inputs will cause + 2(VREF) to be applied 
to the BUFF- 


ER INPUT via switch 
5. Thus, 
the reference 
capacitor 
gen- 
erates 
the 
equivalent 
of a (+) 
or (-) 
reference 
from 
the 
single reference 
voltage 
with negligible 
error. The reference 
voltage 
returns 
the 
output 
of the 
integrator 
to 
the 
zero- 


crossing 
point established 
in Phase 
I. The time, or number 
of counts, 
required 
to do this 
is proportional 
to the 
input 
voltage. 
Since 
the Deintegrate 
phase 
can be twice 
as long 
as the Input 
Integrate 
phase, 
the input voltage 
required 
to 
give a full scale 
reading 
is 2 VREF. 


• 


Figure 40: Phase III - 
Oeintegrate 


Figure 4: Analog Section of Either ICL8052 or ICL8068 with ICL71C03 
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NUt.lBER OF C~UNTS TO ZERO CROSSING '/ 
''''' 
AffiR 
ZERO CROSSING, 
PROPORTIONALTO V 
ANALOG SECTION WILL 
IN 
BE IN AUTOZERO 
CONFIGURATION 


ZERO CROSSING 
OCCURS 
'/ 


COUNTS 


Phase 
I 
Phase 
II 
Phase III 


4% Digit 
10,001 
10,000 
20,001 


3% Digit 
1,001 
1,000 
2,001 


Zero-Crossing Flip-Flop 


Figure 6 shows 
the problem 
that the zero-crossing 
F/F 
is 
designed 
to solve. 


CLOCK 
PULSE 
__ 
FEEDTHROUGH 
I 


The 
integrator 
output 
is approaching 
the 
zero-crossing 
point 
where 
the count 
will be latched 
and the reading 
dis- 
played. 
For a 20,000 
count instrument, 
the ramp is changing 
approximately 
0.50 mV per clock 
pulse 
(10V max integrator 
output 
divided 
by 20,000 
counts). 
The 
clock 
pulse 
feed- 
through 
superimposed 
upon 
this 
ramp 
would 
have 
to 
be 
less than 
100 I'-V peak to avoid causing 
significant 
errors. 


The flip-flop 
interrogates 
the data once every clock 
pulse 
after 
the 
transients 
of the 
previous 
clock 
pulse 
and 
half- 
clock 
pulse 
have died down. 
False 
zero-crossings 
caused 
by clock 
pulses 
are not recognized. 
Of course, 
the flip-flop 
delays 
the 
true 
zero-crossing 
by one 
count 
in every 
in- 


stance, 
and if a correction 
were not made, the display 
would 
always 
be one count 
too high. Therefore 
the counter 
is dis- 
abled for one clock 
pulse at the beginning 
of phase 
3. This 
one 
count 
delay 
compensates 
for 
the 
delay 
of the 
zero- 
crossing 
flip-flop, 
and 
allows 
the 
correct 
number 
to 
be 
latched 
into the display. 
Similarly, 
a one count 
delay 
at the 
beginning 
of phase 
1 gives an overload 
display 
of 0000 
in- 


stead of 0001. 
No delay occurs 
during 
phase 2, so that true 
ratiometric 
readings 
result. 


DETAILED 
DESCRIPTION 
Digital Section 


The 71C03 
includes 
several 
pins which allow it to operate 
conveniently 
in more sophisticated 
systems. 
These 
include: 


1.4'1./3'1. 
(Pin 2). When 
high (or open) the internal 
counter 
operates 
as a full 
4% 
decade 
counter, 
with 
a complete 
meaBurement 
cycle 
requiring 
40,002 
counts. 
When 
held 
low, the least significant 
decade 
is cleared 
and the clock 
is 
fed directly 
into the next decade. 
A measurement 
cycle now 
requires 
only 4,002 
clock 
pulses. 
All 5 digit drivers 
are ac- 


tive 
in either 
case, 
with 
each 
digit 
lasting 
200 
counts 
with 
Pin 2 high (4% digit) and 20 counts 
for Pin 2 low (3% digit). 


2. RUN/HOLD) 
(Pin 
4). When 
high (or open) 
the AID 
will 
free-run 
with 
equally 
spaced 
measurement 
cycles 
every 
40,002/4,002 
clock 
pulses. 
If taken 
low, the converter 
will 
continue 
the full measurement 
cycle that it is doing and then 
hold this reading 
as long as Pin 4 is held low. A short 
posi- 


tive pulse 
(greater 
than 300 ns) will now initiate 
a new mea- 
surement 
cycle beginning 
with up to 10,001/1,001 
counts 
of 
auto zero. Of course 
if the pulse occurs 
before 
the full mea- 


surement 
cycle 
(40,002/4,002 
counts) 
is completed, 
it will 
not be recognized 
and the converter 
will simply 
complete 
the 
measurement 
it is doing. 
An external 
indication 
that 
a 
full measurement 
cycle 
has been completed 
is that the first 
STROBE 
pulse 
(see below) 
will occur 
101/11 
counts 
after 
the end 
of this cycle. 
Thus, 
if RUN/HOLD 
is low and 
has 
been 
low for at least 
101/11 
counts, 
the converter 
is hold- 
ing and 
ready 
to start 
a new 
measurement 
when 
pUlsed 
high. 


3. STROBE 
(Pin 
18). This is a negative-going 
output 
pulse 
that 
aids 
in transferring 
the 
BCD data 
to external 
latches, 
UARTs 
or 
microprocessors. 
There 
are 
5 
negative-going 
STROBE 
pulses that occur in the center 
of each of the digit 
drive 
pulses 
and occur 
once 
and only once 
for each 
mea- 


surement 
cycle 
starting 
101/11 
pulses 
after the end of the 
full measurement 
cycle. 
Digit 5 (MSD) goes high at the end 
of the measurement 
cycle 
and stays on for 201/21 
counts. 


In the 
center 
of this 
digit 
pulse 
(to avoid 
race 
conditions 
betwee:1 
changing 
BCD and digit drives) 
the first STROBE 
pulse goes negative 
for % clock 
pulse width. 
Similary, 
after 
Digit 5, Digit 4 goes high (for 200/20 
clock 
pulses) 
and 100/ 
10 pulses 
later the STROBE 
goes 
negative 
for the second 
time. 
This 
continues 
through 
Digit 
1 (LSD) 
when 
the 
fifth 
and last STROBE 
pulse is sent. The digit drive will continue 
to scan 
(unless 
the previous 
signal was over-range) 
but no 
additional 
STROBE 
pulses will be sent until a new measure- 
ment 
is available. 


C')o 
().•. 


4. BUSY 
(Pin 28). BUSY goes high at the beginning 
of sig· 
~ 
nal integrate 
and stays 
high until the first clock 
pulse 
after 
() 
zero-crossing 
(or after 
end of measurement 
in the case 
of 
::::. 
an OVER-RANGE). 
The 
internal 
latches 
are enabled 
(i.e., 
CO 
loaded) 
during 
the 
first 
clock 
pulse 
after 
BUSY 
and 
are 
CO 
latched 
at the end of this clock 
pulse. 
The circuit 
automati- 
~ 
cally reverts 
to auto-zero 
when 
not BUSY so it may also be 
••• 
considered 
an A-Z 
signal. 
A very simple 
means 
for trans- 
S:! 
milling 
the data down a single wire pair from a remote 
loca- 
..: 
tion 
would 
be 
to 
AND 
BUSY 
with 
clock 
and 
subtract 
.-. 
10,001/1,001 
counts 
from the number 
of pulses 
received- 
8 
as mentioned 
previously 
there 
is one "NO-count" 
pulse 
in 
.•• 
each Reference 
Integrate 
cycle. 
~ 


5. OVER·RANGE 
(Pin 
4). This pin goes 
positive 
when 
the 
() 
input 
signal 
exceeds 
the range 
(20,000/2,000) 
of the con- 
::::. 
verter. 
The 
output 
F-F 
is set at the 
end 
of BUSY 
and 
is 
(II 
reset to zero at the beginning 
of Reference 
Integrate 
in the 
~ 
next measurement 
cycle. 
CO 


6. UNDER·RANGE 
(Pin 
13). This 
pin goes 
positive 
when 
cj_ 
the reading 
is 9% of range or less. The output 
F-F 
is set at 
the end of BUSY 
(if the 
new reading 
is 1800/180 
or less) 
and is reset at the beginning 
of Signal 
Integrate 
of the next 
reading. 


7. POLARITY 
(Pin 3). This pin is positive 
for a positive 
input 


signal. 
It is valid 
even 
for a zero 
reading. 
In other 
words, 
+ 0000 
means 
the signal 
is positive 
but less than the least 
significant 
bit. The converter 
can be used as a null detector 
by forcing 
equal (+) 
and ( -) 
readings. 
The null at this point 
should 
be less than 0.1 LSB. This output 
becomes 
valid at 
the beginning 
of Reference 
Integrate 
and 
remains 
correct 


until it is revalidated 
for the next measurement. 


8. Digit 
Drives 
(Pins 
19, 24, 25, 
26 and 
27). 
Each 
digit 
drive is a positive-going 
signal which 
lasts for 200/20 
clock 
pulses. The scan sequence 
is Os (MSD), 
04, 03, 02 and 01 
(LSD). 
All five 
digits 
are scanned 
even 
when 
operating 
in 
the 3% 
digit 
mode, 
and this scan 
is continuous 
unless 
an 
OVER-RANGE 
occurs. 
Then 
all 
Digit 
drives 
are 
blanked 
from the end of the STROBE 
sequence 
until the beginning 
of Reference 
Integrate, 
at which 
time Os will start the scan 
again. This gives a blinking 
display 
as a visual 
indication 
of 
OVER-RANGE. 


9. BCD (Pins 
20, 21, 22 and 23). The Binary coded 
decimal 
bit Be, B4' B2 and B1 are positive 
logic 
signals 
that 
go on 
simultaneously 
with the Digit driver. 
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COMPONENT 
VALUE SELECTION 


For 
optimum 
performance 
of 
the 
analog 
section, 
care 
must 
be taken 
in the selection 
of values 
for the integrator 


capacitor 
and resistor, 
auto-zero 
capacitor, 
reference 
volt- 


age, and conversion 
rate. These 
values 
must be chosen 
to 
suit the particular 
application. 


Integrating Resistor 


The integrating 
resistor 
is determined 
by the full scale in- 


put 
voltage 
and 
the 
output 
current 
of the 
buffer 
used 
to 
charge 
the 
integrator 
capacitor. 
This 
current 
should 
be 
small compared 
to the output 
short circuit 
current 
such that 
thermal 
effects 
are kept 
to a minimum 
and 
linearity 
is not 
affected. 
Values 
of 5 ,...A to 40 ,...A give good 
results 
with a 
nominal 
of 20 ,...A. The exact 
value 
may be chosen 
by 


A 
_ 
Full Scale Voltage 
INT - 
20,...A 


'NOTE: 
If gain is used in the buffer 
amplifier 
then- 


A 
_ 
(Suffer Gain) (FUll Scale Voltage) 
INT - 
20,...A 


Integrating Capacitor 


The product 
of integrating 
resistor 
and capacitor 
is select- 
ed to give 9V swing 
for full scale 
inputs. 
This is a compro- 
mise between 
possibly 
saturating 
the integrator 
(at + 14V) 
due 
to tolerance 
build-up 
between 
the 
resistor, 
capacitor 
and clock and the errors a lower voltage 
swing could induce 
due to offsets 
referred 
to the output 
of the comparator. 
In 
general, 
the value 
of CINT is given by 


[10.000 (41j, Di~it) x Clock periOd)] x (20 
A) 
1000 (31j, D,g,t) 
I' 


CINT = 
Integrator Output Voltage SWing 


A very important 
characteristic 
of the integrating 
capaci- 


tor is that it has low dielectric 
absorption 
to prevent 
roll-over 
or ratlOmetric 
errors. 
A good test for dielectric 
absorption 
is 
to use the capacitor 
with the input tied to the reference. 


This 
ratiometric 
condition 
should 
read half scale 
1.0000, 


and any deviation 
is probably 
due to dielectric 
absorption. 
Polypropylene 
capacitors 
give 
undetectable 
errors 
at rea- 
sonable 
cost. 
Polystyrene 
and 
polycarbonate 
capacitors 
may be used in less critical 
applications. 


I 
4 ~i--- 


~-~ 


C')o 
().•. 
Auto-Zero and Reference Capacitor 
~ 


The 
size of the auto-zero 
capacitor 
has some 
influence 
() 
on the 
noise 
of the 
system, 
with 
a larger 
value 
capacitor 
:::. 
CD 
giving 
less noise. 
The reference 
capacitor 
should 
be large 
0 
enough 
such 
that 
stray 
capacitance 
to 
ground 
from 
its 
0 
nodes 
is negligible. 
3 


When 
gain 
is used 
in the 
buffer 
amplifier 
the 
reference 
S::! 
capacitor 
should 
be SUbstantially 
larger 
than 
the auto-zero 
capacitor. 
As 
a 
rule 
of 
thumb, 
the 
reference 
capacitor 
should 
be approximately 
the 
gain 
times 
the 
value 
of the 
auto-zero 
capacitor. 
The dielectric 
absorption 
of the refer- 
ence cap and auto-zero 
cap are only important 
at power-on 
or when 
the 
circuit 
is recovering 
from 
an overload. 
Thus, 


smaller 
or cheaper 
caps can be used here if accurate 
read- 
ings are not required 
for the first few seconds 
of recovery. 


Reference Voltage 


The analog 
input required 
to generate 
a full scale output 


is VIN = 2 VREF· 


The stability 
of the reference 
voltage 
is a major factor 
in 
the overall 
absolute 
accuracy 
of the converter. 
For this rea- 


son, it is recommended 
that an external 
high quality 
refer- 


ence 
be used where 
the 
ambient 
temperature 
is not con- 


trolled 
or where 
high-accuracy 
absolute 
measurements 
are 


being made. 
Buffer Gain 


At the 
end 
of the 
auto-zero 
interval, 
the 
instantaneous 
noise voltage 
on the auto-zero 
capacitor 
is stored 
and sub- 


tracted 
from the input voltage 
while adding 
to the reference 
voltage 
during 
the next cycle. 
The result 
of this is that the 


noise voltage 
is effectively 
somewhat 
greater 
than the input 


noise voltage 
of the buffer 
itself during 
integration. 
Sy intro- 


ducing 
some 
voltage 
gain into the buffer, 
the effect 
of the 


auto·zero 
noise (referred 
to the input) can be reduced 
to the 


level of the inherent 
buffer 
noise. This generally 
occurs 
with 


a buffer gain of between 
3 and 10. Further 
increase 
in buffer 
gain merely 
increases 
the total 
offset 
to be handled 
by the 


auto-zero 
loop, 
and 
reduces 
the available 
buffer 
and inte· 


grator 
swings, 
without 
improving 
the noise 
performance 
of 


the system. 
The circuit recommended 
for doing this with the 


ICL8068/1CL71C03 
is shown 
in Figure 
8. 
• 


C')o 
().•. 
~ 
ICL8052 vs ICL8068 
() 
=::. 
CO 
10o 
CO 
..I 
~ 
C'i' 
Max Clock Frequency 
o 
The 
maximum 
conversion 
rate 
of 
most 
dual-slope 
AID 
() 
converters 
is limited 
by the frequency 
response 
of the com- 
;: 
parator. 
The comparator 
in this circuit 
is no exception, 
even 


..I 
though 
it is entirely 
NPN with an open-loop 
gain-bandwidth 
() 
product 
of 300 MHz. The comparator 
output 
follows 
the in- 
=::. 
tegrator 
ramp with a 3 fLs delay, and at a clock frequency 
of 
:;: 
160 kHz (6 fLs period) 
half of the first 
reference 
integrate 
o 
clock 
period 
is lost 
in delay. 
This 
means 
that 
the 
meter 


"CD 
reading 
will change 
from 
0 to 1 with a 50 fLY input, 
1 to 2 


..I 
with 
150 fLV, 2 to 3 at 250 
fLV etc. This transition 
at mid- 
~ 
point is considered 
desirable 
by most users. However, 
if the 
clock 
frequency 
is increased 
appreciably 
above 
160 kHz, 


the instrument 
will flash 
"1" 
on noise peaks 
even when the 
input is shorted. 


For many dedicated 
applications 
where the input signal is 
always 
of one polarity, 
the delay of the comparator 
need not 
be a limitation. 
Since 
the non-linearity 
,and noise do not in- 


crease 
substantially 
with frequency, 
clock 
rates of up to ap- 
proximately 
1 MHz may be used. For a fixed clock 
frequen- 
cy, the extra 
count 
or counts 
caused 
by comparator 
delay 
will be a constant 
and can be subtracted 
out digitally. 


The 
minimum 
clock 
frequency 
is established 
by leakage 
on the 
auto-zero 
and 
reference 
caps. 
With 
most 
devices, 


measurement 
cycles 
as long as 10 seconds 
give 
no mea- 
surable 
leakage 
error. 


To achieve 
maximum 
rejection 
of 60 Hz pickup, 
the signal 
integrate 
cycle 
should 
be a multiple 
of 60 Hz. Oscillator 
fre- 
quencies 
of 300 kHz, 200 kHz, 150 kHz, 120 kHz, 100 kHz, 
40 kHz, 33'1. kHz, etc. should 
be selected. 
For 50 Hz rejec- 
tion, oscillator 
frequencies 
of 250 kHz, 166% 
kHz, 125 kHz, 


100 
kHz, 
etc. 
would 
be suitable. 
Note 
that 
100 
kHz 
(2.5 
readings/second) 
will reject 
both 50 Hz and 60 Hz. 


The clock 
used should 
be free from 
significant 
phase 
or 
frequency 
jitter. A simple 
two-gate 
oscillator 
and one based 
on a CMOS 
7555 timer 
are shown 
in the Applications 
sec- 


tion. The multiplexed 
output 
means 
that if the display 
takes 
significant 
current 
from 
the 
logic 
supply, 
the 
clock 
should 
have good 
PSRR. 


The ICL8052 
offers 
significantly 
lower 
input leakage 
cur- 
rents 
than 
the 
ICL8068, 
and 
may 
be found 
preferable 
in 
systems 
with high input impedances. 
However, 
the ICL8068 
has substantially 
lower 
noise 
voltage, 
and is the device 
of 
choice 
for systems 
where 
noise 
is a limiting 
factor, 
particu- 
larly in low signal 
level conditions. 


APPLICATIONS 
Specific Circuits Using the 8068171C03 
8052171C03 


Figure 
9 shows 
the 
complete 
circuit 
for 
a ± 4'12 digit 
(± 200.0 mV full scale) AID 
converter 
with LED readout 
us- 
ing the internal 
reference 
of the 8068/52. 
If an external 
ref- 
erence 
is used, the reference 
supply 
(pin 7) should 
be con- 


nected 
to ground 
and 
the 
300 
pF reference 
cap 
deleted. 


The circuit 
also shows 
a typical 
RC input 
filter. 
Depending 
on the 
application, 
the 
time-constant 
of this 
filter 
can 
be 
made faster, 
slower, 
or the filter deleted 
completely. 
The '12 


digit LED is driven from the 7 segment 
decoder, 
with a zero 
reading 
blanked 
by connecting 
a 05 
signal 
to RBI input of 
the decoder. 


A voltage 
translation 
network 
is connected 
between 
the 
comparator 
output 
of the 8068/52 
and the auto-zero 
input 
of the 71C03. 
The purpose 
of this network 
is to assure that, 


during 
auto-zero, 
the output 
of the comparator 
is at or near 
the threshold 
of the 
71 C03 
logic (+ 2.5V) 
while 
the 
auto- 
zero capacitor 
is being charged 
to VREF (+ 100.0 mV for a 
200.0 
mV instrument). 
Otherwise, 
even 
with 
zero 
volts 
in, 


some 
reference 
integrate 
period 
would 
be required 
to drive 
the 
comparator 
output 
to the 
threshold 
level. 
This 
would 
show up as an equivalent 
offset 
error. Once the divider 
net- 
work 
has 
been 
selected, 
the 
unit-to-unit 
variation 
should 
contribute 
less than a tenth 
of a count 
error. A second 
fea-_ 


ture is the back-to-back 
diodes, 
used to lower the noise. 
In 
the normal 
operating 
mode they offer a high impedance 
and 
long integrating 
-time constant 
to any noise pulses 
charging 
the auto-zero 
cap. At startup 
or recovery 
from 
an overload, 


their impedance 
is low to large signals 
so that the cap can 
be charged 
up in one auto-zero 
cycle. 
The buffer 
gain does 
not have to be set precisely 
at 10 since 
the gain is used in 
both the integrate 
and deintegrate 
phase. 
For scale factors 
other 
than 
200.00 
mV 
the 
gain 
of 
the 
buffer 
should 
be 


changed 
to give a ± 2V buffer 
output. 
For 2.0000V 
full scale 


this means 
unity gain and for 20,000 
mV (1 fLV resolution) 
a 
gain of 100 is necessary. 
Not all 8068As 
can operate 
prop- 
erly at a gain of 100 since 
their offset 
should 
be less than 
10 mV 
in order 
to 
accommodate 
the 
auto-zero 
circuitry. 


However, 
for devices 
selected 
with less than 
10 mV offset, 


the 
noise 
performance 
is reasonable 
with 
approximately 
1.5 fLY near full scale. 
On all scales 
less than 
200.00 
mV, 


the voltage 
translation 
network 
should 
be made 
adjustable 
as an offset 
trim. 


81 
82 
, 
83 
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• 
081 
NOTE: 
FOR 
3-1/2 
IllGIT 
T1E PIN 2 lOW 
AHOCHANGE 
Q.OCK 
TO 12 kHz 


The auto· zero cap should 
be 1 p.F for all scales 
and the 
reference 
capacitor 
should 
be 1 p.F times 
the gain of the 
buffer 
amplifier. 
At this 
value 
if the 
input 
leakages 
of the 
8052/8068 
are equal, 
the droop 
effects 
will cancel 
giving 
zero offset. 
This is especially 
important 
at high temperature. 


Some 
typical 
component 
values 
are shown 
in the table be- 
low. For 3% digit conversion 
use 12 kHz clock. 


V++ 
= +15V,V+ 
= 5V,V- 
= -15V 
Clock 
Freq. = 120 kHz (4% 
Digit) or 12 kHz (3% 
Digit) 


Specification 
Valve 
Units 


Full Scale V,N 
20 
200 
2000 
mV 


Buffer Gain 
100' 
10 
1 
VIV 
(RB1 
+ RB2) 


RB2 


R'NT 
100 
100 
100 
kO 


C,NT 
0.22 
0.22 
0.22 
p.F 


CAZ 
1.0 
1.0 
1.0 
p.F 


CREF 
10 
10 
1.0 
p.F 


VREF 
10 
100 
1000 
mV 


Resolution 
(4% Digit) 
1 
10 
100 
p.V 


'Note 
comment 
on 
offset 
limitations 
above. 
Buffer 
gain 
does 
not improve 
ICL8052 
noise performance 
adequately. 


• 
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U 
shown 
in Figure 
10. The high voltage 
anode 
driver buffer 
is 
:::::. 
made 
by Dionics. 
The 3 AND 
gates 
and caps 
driving 
"BI" 
CD 
are 
needed 
for 
interdigit 
blanking 
of multiple-digit 
display 
oo 
CD~ 
Y 
"'o 
().•. 
••••~() 
:::::. 
(II 
II)o 
CD~ 
Y 


vlvlllvlU;:), 
dilU 
t,.;ClII ut::' ommea 
IT not neeoeo. 
I he 2K and 3K 


resistors 
set the current 
levels 
in the display. 
A similar 
ar- 


rangement 
can be used with "Nixie"~ 
tubes. 


Nixie«l is a registered 
trademark 
of Burroughs Corporation. 


, 
T , 'f 'f 'f 'f 
10000 


8068 
PIN 2 


COWPARATOR 


t/--x-f- 
=" 
DIGITAl 
GROUND 
YYI 


ICl71CD3 
D~'N 
T 
T 
T 
PIN 
15 
+5V 
SUPPLY 
BYPASS 
CAPACITOR(S) 


ANALOG AND DIGITAL 
GROUNDS 


Extreme 
care must be taken 
to avoid ground 
loops 
in the 
layout 
of 8068 
or 8052/71C03A 
circuits, 
especially 
in high 
sensitivity 
circuits. 
It is most 
important 
that 
return 
currents 
from 
digital 
loads 
are not fed 
into the 
analog 
ground 
line. 


Both of the above circuits 
have considerable 
current 
flowing 
in the 
digital 
ground 
returns 
from 
drivers, 
etc. 
A recom- 


mended 
connection 
sequence 
for the ground 
lines is shown 
in Figure 
11. 
Other Circuits for Display Applications 


Popular 
LCD displays 
can be interfaced 
to the Output 
of 
the 
ICL71C03 
with 
suitable 
display 
drivers, 
such 
as 
the 
ICM7211 A as shown 
in Figure 
12. A standard 
CMOS 
4000 
series 
LCD driver 
circuit 
is used for displaying 
the V. digit, 


the polarity, 
and the "overrange" 
flag. A similar 
circuit 
can 
be used with the ICM7212A 
LED driver. Of course, 
another 
full driver 
circuit 
could 
be ganged 
to the one 
shown 
if re- 
quired. 
This would 
be useful 
if additional 
annunciators 
were 
needed. 


Figure 
12 
shows 
the 
complete 
circuit 
for 
a 4V. 
digit 
(± 2.000V) 
A/D, 
again 
using 
the 
internal 
reference 
of the 
8052A/8068A. 


Figure 
13 shows 
a more 
complicated 
circuit 
for 
driving 
LCD displays. 
Here the data is latched 
into the ICM7211 
by 
the STROBE 
signal and "Overrange" 
is indicated 
by blank- 
ing the 4 digits. A clock 
oscillator 
circuit 
using the ICM7555 
CMOS 
timer 
is shown. 
Some 
other 
suitable 
clock 
circuits 
are 
suggested 
in 
Figures 
14 and 
15. 
The 
2-gate 
circuit 
should 
use CMOS 
gates to maintain 
good 
power 
supply 
re- 


jection. 


A problem 
sometimes 
encountered 
with 
the 
8052/68/ 
ci" 
71 C03 AID 
is that of gross 
over-voltage 
applied 
to the in- 
0 
put. Voltage 
in excess 
of ± 2.000V 
may cause the integrator 
CJ 
output 
to saturate. 
When 
this occurs, 
the integrator 
can no 
•• 
longer 
source 
(or sink) the current 
required 
to hold the sum- 
~ 
ming junction 
(Pin 11) at the voltage 
stored 
on the auto zero 
CJ 
capacitor. 
As a result, 
the voltage 
across 
the integrator 
ca- 
::::. 
pacitor 
decreases 
sufficiently 
to give a false 
voltage 
read- 
(It 
ing. This problem 
can also show up as large-signal 
instabili- 
~ 
ty on overrange 
conditions. 
A simple 
solution 
to this prob- 
CO 
lem is to use junction 
FET transistors 
across 
the integrator 
••• 
capacitor 
to source 
(or sink) current 
into the summing 
junc- 
g 
tion and prevent 
the integrator 
amplifier 
from 
saturating, 
as 
shown 
in Figure 
16. 
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Figure 14: CMOS Oscillator 
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Figure 16: Gross Overvoltage 
Protection Circuit 


INTERFACING 
WITH UARTS 
AND MICROPROCESSORS 


Figure 17 shows a very simple interface 
between 
a free- 
running 
8068/8052/71 
C03A 
and 
a 
UART. 
The 
five 
STROBE 
pulses 
start 
the 
transmission 
of 
the 
five 
data 
words. The digit 5 word is OOOOXXXX,digit 4 is 1000XXXX, 
digit 3 IS 0100XXXX, 
etc. Also the 
polarity 
is transmitted 
indirectly 
by using 
it to drive the 
Even 
Parity 
Enable 
Pin 
(EPE). It EPE of the receiver is held low, a parity flag at the 
receiver 
can be decoded 
as a positive 
signal, 
no flag as 
negative. 
A complex 
arrangement 
is shown 
in Figure 
16. 
Here the UART can instruct 
the AID 
to begin a measure- 
ment sequence 
by a word on RRI. The Busy signal resets 
the 
Data 
Ready 
Reset 
(DRR). 
Again 
STROBE 
starts 
the 
transmit 
sequence. 
A quad 2 input mUltiplexer 
is used to 
superimpose 
polarity, over-range, 
and under-range 
onto the 
Os word since in this instance 
it is known that B2 = B4 = 


Ba =0. 


For correct 
operation 
it is important 
that the UART clock 
be fast enough 
that each 
word 
is transmitted 
before 
the 
next STROBE 
pulse arrives. Parity is locked into the UART 
at load time but does not change 
in this connection 
during 
an output stream. 


Circuits to interface 
the 71C03(A) 
directly with three pop- 
ular microprocessors 
are shown in Figures 
19, 20 and 21. 
The main differences 
in the circuits are that the IM6100 with 
its 12 bit word 
capability 
can accept 
polarity, 
over-range, 


under-range, 
4 bits 
of 
BCD 
and 
5 digits 
simultaneously 
where 
the 8080/8048 
and the 
MC6800 
groups 
with 8 bit 
words 
need to have polarity, 
over-range 
and under-range 
multiplexed 
onto the Digit 5 word-as 
in the UART circuits. 
In each case the microprocessor 
can instruct the AID when 
to begin a measurement 
and when to hold this measure- 
ment. 
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SERIAL OUTPUT 
TO RECEIVING UART 


TRO 


UART 


EPE 
1t.46402/3 
TBRL 


TBR 
A 
• 


1t.46402/3 
OR 


EPE 
TBRL 
TBR 


( 1 
A 
8' 
2 
3 
4 
5 
6 
7 


D. 
03 
O2 
01 
B, 
B2 
B. 
Ba 
P 
0 
U 
0 
V 
N 
L 
E ° 
Os 
R 
E 


71C03/A 
R 


STROBE 


RUN/HOLD 


BUSY 


MC6820 


PA4 
PAS 
PA6 
PA7 


Figure 20: ICL71C03 to MC6800, 
MCS650X Interface 
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with ICL8052/8068 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


The ICL71C03 does not have an internal crystal or RC 
oscillator. 
It has a clock Input only. 
Integration 
Period 
10,000 
. 
tiNT = --- 
(4% Digit) 
fCLOCK 


1,000 
. 
tiNT = --- 
(3% Digit) 
fCLOCK 
Integration 
Clock Period 


!cLOCK 
= 1lfCLOCK 
60 Hz/50 Hz Rejection Criterion 
tiNT/t&o Hzor tINT/tSOHz = Integer 
Optimum Integration 
Current 
liNT = 20.0 /LA 
Full Scale Analog Input Voltage 
VINFSTyp. = 200 mV to 2.0V = 2 VREF 
Integrate Resistor 
(Buffer Gain) x VINFS 
RINT = 
IINT 
Integrate Capacitor 


C 
- 
(tiNT) (liNT) 
INT - 
VINT 


Integrator 
Output Voltage 


V 
- (tiNT) (liNT) 
INT - 
CINT 


VINTTypically = 9.0V 
c.;o 
Display Count 
(,).•. 
Count = 10,000 X 
VIN (4% Digit) 
!:i 
VREF 
(,) 
V 
, 
Count = 1,000 x -'!L (3% Digit) 
(II 
VREF 
0 
NOTE: The 4'12 digit mode's LSD will be output as a zero in 
0 
the 3'12 digit mode. 
~ 
Output Type: 
S! 
4 Nibbles BCD with Polarity and Overrange 
Power Supply: ± 15.0V, + 5.0V 
V++ 
= +15.0V 
V- 
= -15.0V 
V+ 
= +5.0V 
Auto Zero Capacitor Values 
0.01 /LF < CAZ < 1.0 /LF 
Reference Capacitor Value 
CREF= (Buffer Gain) x CAZ 
• 


Auto Zoro 
(Counts) 
30,001-10,001 
3,001-1,001 


Signal 
Intograto 
(Flxod Count) 
10,000 
1,000 


Roforonco 
Intograto 
(Counts) 
1-20,001 
1-2,001 
(4-1/2 
Digit) 
(3-1/2 
Digit) 


Total Convorsion 
Cyclo TImo (\coNY) 


(in Continous 
Modo) 


!cONY ~ 40.002 • !cLOCK (4% Digit Mode) 
!cONY ~ 
4,002' 
!cLOCK (3% Digit Mode) 


Integrator 
Output 


G 
~ 
GENERAL 
DESCRIPTION 
•••• 
•••!:! 
The Harris ICL7106 and 7107 are high performance, low 
power 3Y.-digit AID converters containing all the necessary 
active devices on a single CMOS I.C. Included are seven- 
segment decoders, display drivers, a reference, and a 
clock. The 7106 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7107 will 
directly drive an instrument-size light emitting diode (LED) 
display. 


The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 1OI'-V,zero drift of less 
than 11'-VI"C,input bias current of 10 pA max., and rollover 
error of less than one count. True differential inputs and 
reference are useful in all systems, but give the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. Finally, the true 
economy of single power supply operation (7106), enables 
a high performance panel meter to be built with the addition 
of only 10 passive components and a display. 


FEATURES 
• Guaranteed Zero Reading for 0 Volts Input on All 
Scales 
• True Polarity at Zero for Precise Null Detection 
• 1pA Typical Input Current 
• True Differential 
Input and Reference 
• Direct Display Drive - 
No External Components 
Required - 
LCD ICL7106 
- 
LED ICL7107 
• Low Noise - Less Than 151'-V pop 
• On-ehfp Clock and Reference 
• Low Power Dissipation - Typically Less Than 10mW 
• No Additional 
Active Circuits Required 
• New Small Outline Surface Mount Package Available 


Temperature 
Part Number 
Range 
Package 
Display Type 


ICL7106CPL 
OOCto+700C 
40-Pin Plastic DIP 
Direct Drive LCD 
ICL7106RCPL 
OOCto+700C 
40-Pin Plastic DIP (Note 1) 
Direct Drive LCD 
ICL7106CM44 
OOCto+700C 
44-Pin Surface Mount 
Direct Drive LCD 


ICL7107CPL 
OOCto+700C 
40-Pin Plastic DIP 
Common Anode LED 
ICL7107RCPL 
OOCto+700C 
40-Pin Plastic DIP (Note 1) 
Common Anode LED 
ICL7107CM44 
OOCto+700C 
44-Pin Surface Mount 
Common Anode LED 
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Figure 1: Pin Configurations 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


,..o..,.. 


Power 
Dissipation 
(Note 2) 
d 
Ceramic 
Package 
.............•..•..•...... 
1000mW 
::: 
Plastic Package·DIP 
800mW 
U) 
Plastic Package·SolC 
600mW 
~ 
Operating 
Temperature 
O·C to + 70·C 
,.. 
Storage 
Temperature 
-65·C 
to + 150·C 
••• 
Lead Temperature 
(Soldering. 
10sec) 
300·C 
g 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
ICL7106, 
V+ 
toV- 
......................•...... 
15V 
ICL7107, 
V+ 
to GND 
+6V 
ICL7107, 
V- 
to GND 
-9V 
Analog 
Input Voltage 
(either input)(Note 
1) 
V+ 
to V- 


Reference 
Input Voltage 
(either 
input) 
V+ 
to V- 


Clock 
Input 
ICL7106 
TESTtoV+ 
ICL7107 
GND to V+ 
NOTE: Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to absolute 
maximum 
raling conditions 
for extended 
periods may affect device reliability. 


NOTES 1: Input voltages may exceed the supply voltages provided the input current is limited to ± 100,..,A. 


2: Dissipation 
rating assumes 
device 
is mounted 
with all leads soldered 
to printed circuit board. 


Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


Zero Input Reading 
VIN=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 
Full Scale = 200.0mV 


Ratiometric 
Reading 
VIN=VREF 
999 
999/1000 
1000 
Digital Reading 
VREF= 100mV 


Rollover 
Error (Difference 
in 


-VIN= 
+VIN""200.0mV 
-1 
±.2 
+1 
Counts 
reading for equal positive 
and 


negative 
inputs near Full Scale) 


Linearity 
(Max. deviation 
from 
Full scale=200.0mV 
-1 
±.2 
+1 
Counts 
besl straight 
line fit) 
or full scale = 2.000V (Note 6) 


Common 
Mode Rejection 
Ratio 
VCM= 
±lV, 
VIN=OV 
50 
IJoVIV 
(Nole4) 
Full Scale=200.0mV 


Noise (Pk-Pk value not exceeded 
VIN=OV 
15 
IJoV 
95% of time) 
Full Scale = 200.0mV 


Leakage 
Current 
Input 
VIN = 0 (Note 6) 
1 
10 
pA 


Zero Reading 
Drift 
VIN=O 
0.2 
1 
IJovrc 
O·<TA <70·C 
(Note 6) 


Scale Factor Temperature 
VIN = 199.0mV 
1 
5 
ppmrc 
Coefficient 
0·<TA<70·C 


(Ext. Ref. oppmrC) 
(Note 6) 


V + Supply Current 
(Does not 
VIN=O 
0.8 
1.8 
mA 
include 
LED current 
for 7107) 


V- 
Supply Current(7107 
only) 
0.6 
1.8 
mA 


Analog 
Common 
Voltage 
(With 
25kO between 
Common 
& 
2.4 
2.8 
3.2 
V 
respect 
to Pas. Supply) 
Pas. Supply 


Temp. Coeff. of Analog 
Common 
25kO between 
Common 
& 
80 
ppmrc 
(With respect 
to Pas. Supply) 
Pas. Supply 


• 
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ELECTRICAL 
CHARACTERISTICS 
(Note 3) (Continued) 
..•. 
Go•• 
••••••i 


Characteristics 
Test Conditions 
Mln 
Typ 
Max 
Unit 


7106 ONLY 
V+ toV-=9V 
4 
5 
6 
V 
Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 
(Note 5) 


7107 ONLY 
V+ =5.0V 
5 
8.0 
mA 
5egment Sinking Current 
Segment voltage = 3V 
(Except Pin 19 & 20) 


(Pin 19 only) 
10 
16 
mA 
(Pin 20 only) 
4 
7 


NOTES 3: Unless otherwise 
noted. specifications 
apply to both the 7106 and 7107 at TA~ 25"C. fclock ~ 48kHz. 7106 is tested in the circuit of Figure 2. 7107 is 
tested in the circuit of Figure 3. 


4; Refer to "Differentiallnpul" 
discussion. 


5: Back plane drive is in phase with segment drive for 'off' segment, 
lBO- out of phase for 'on' segment 
Frequency is 20 times conversion 
rate. Average 
DC component 
is less than 5OmV. 


6: Not tested, guaranteed 
by design. 


0335-3 
Figure 2: ICL7106 Test Circuit 
and Typical 
Application 
With Liquid Crystal 
Display 
Components 
Selected 
for 200mV Full Scale 
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Figure 3: ICL7107 Test Circuit 
and Typical 
Application 
With LED Display 
Components 
Selected 
for 200mV Full Scale 
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DETAILED 
DESCRIPTION 
Analog Section 


Figure 
4 shows 
the Analog 
Section 
for the ICL7106 
and 
7107. 
Each 
measurement 
cycle 
is divided 
into three 
phas- 
es. They 
are (1) auto·zero 
(A/Z), 
(2) signal 
integrate 
(INT) 
and (3) de·integrate 
(DE). 
Auto-zero phase 


During 
auto-zero 
three 
things 
happen. 
First, 
input 
high 
and low are disconnected 
from the pins and internally 
short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Third, 
a feedback 
loop is 
closed 
around 
the system 
to charge 
the auto·zero 
capacitor 
CAZ to compensate 
for offset 
voltages 
in the buffer 
amplifi- 
er, integrator, 
and comparator. 
Since 
the comparator 
is in- 
cluded 
in the loop, the A/Z 
accuracy 
is limited 
only by the 
noise 
of the system. 
In any case, 
the offset 
referred 
to the 
input is less than 
1OILV. 
Signal Integrate phase 


During 
signal 
integrate, 
the auto-zero 
loop is opened, 
the 
internal 
short 
is removed, 
and 
the 
internal 
input 
high and 
low are connected 
to the external 
pins. The converter 
then 
integrates 
the differential 
voltage 
between 
IN HI and IN LO 
for 
a fixed 
time. 
This 
differential 
voltage 
can 
be within 
a 
wide 
common 
mode 
range: 
up to one volt from 
either 
sup- 
ply. If, on the other 
hand, the input signal has no return with 
respect 
to the converter 
power 
supply, 
IN LO can be tied to 
analog 
COMMON 
to establish 
the 
correct 
common-mode 
voltage. 
At the end of this phase, the polarity 
of the integrat- 
ed signal 
is determined. 
De-integrate phase 


The final phase 
is de.integrate, 
or reference 
integrate. 
In- 
put low is internally 
connected 
to analog 
COMMON 
and in- 
put high is connected 
across 
the previously 
charged 
refer- 
ence 
capacitor. 
Circuitry 
within 
the 
chip 
ensures 
that 
the 


capacitor 
will 
be 
connected 
with 
the 
correct 
polarity 
to 
cause 
the integrator 
output 
to return 
to zero. 
The time 
re- 
quired 
for the output 
to return to zero is proportional 
to the 
input 
signal. 
Specifically 
the 
digital 
reading 
displayed 
is 


1000 
( 
VIN ). 
VREF 
Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common 
mode range of the input amplifier, 
or specifi- 
cally 
from 
0.5 volts 
below 
the 
positive 
supply 
to 
1.0 volt 
above 
the negative 
supply. 
In this range, 
the system 
has a 
CMRR of 86 dB typical. 
However, 
care must be exercised 
to 
assure the integrator 
output 
does not saturate. 
A worst case 
condition 
would 
be a large positive 
common-mode 
voltage 
with a near full-scale 
negative 
differential 
input voltage. 
The 
negative 
input 
signal 
drives 
the 
integrator 
positive 
when 
most of its swing has been used up by the positive 
common 
mode 
voltage. 
For these 
critical 
applications 
the integrator 
output swing can be reduced 
to less than the recommended 
2V full scale swing with little loss of accuracy. 
The integrator 
output 
can swing to within 
0.3 volts of either 
supply without 
loss of linearity. 
See Application 
Note A032 for a discussion 
of the effects 
of stray capacitance. 
Differential Reference 


The reference 
voltage 
can be generated 
anywhere 
within 
the power supply voltage 
of the converter. 
The main source 
of common 
mode 
error is a roll-over 
voltage 
caused 
by the 
reference 
capacitor 
losing or gaining 
charge 
to stray capaci· 
ty on its nodes. 
If there 
is a large 
common 
mode 
voltage, 
the reference 
capacitor 
can gain charge 
(increase 
voltage) 
when 
called 
up to de-integrate 
a positive 
signal 
but 
lose 
charge 
(decrease 
voltage) 
when 
called 
up to deintegrate 
a 
negative 
input signal. 
This difference 
in reference 
for posi- 


tive or negative 
input voltage 
will give a roll-over 
error. How- 
ever, 
by selecting 
the 
reference 
capacitor 
such 
that 
it is 


• 


U 
large enough in comparison to the stray capacitance, this 
::::. error can be held to less than 0.5 count worst case. (See 
10 
Component Value Selection.) 
o.. 
•••••••g 


Analog COMMON 
This pin is included primarily to set the common mode 
voltage for battery operation (7106) or for any system where 
the input signals are floating with respect to the power sup- 
ply. The COMMON pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, analog COMMON has some of the attri- 
butes of a reference voltage. When the total supply voltage 
is large enough to cause the zener to regulate (> 7V), the 
COMMON voltage will 
have a low voltage coefficient 
(0.001%/V), low output impedance ("" 150), and a temper- 
ature coefficient typically less than 80ppml"C. 


The limitations of the on-chip reference should also be 
recognized, however. With the 7107, the internal heating 
which results from the LED drivers can cause some degra- 
dation in performance. Due to their higher thermal resist- 
ance, plastic parts are poorer in this respect than ceramic. 
The 
combination 
of 
reference Temperature Coefficient 
(TC), internal chip dissipation, and package thermal resist- 
ance can increase noise near full scale from 25 ,..V to 
80,..Vp-p. Also the linearity in going from a high dissipation 
count such as 1000 (20 segments on) to a low dissipation 
count such as 1111(8 segments on) can suffer by a count or 
more. Devices with a positive TC reference may require 
several counts to pull out of an overrange condition. This is 
because overrange is a low dissipation mode, with the three 
least significant digits blanked. Similarly, units with a nega- 
tive TC may cycle between overrange and a nonoverrange 
count as the die alternately heats and cools. All these prob- 
lems are of course eliminated if an external reference is 
used. 


The 7106, with its negligible dissipation, suffers from 
none of these problems. In either case, an external refer- 
ence can easily be added, as shown in Figure 5. 


Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in- 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt- 
age from the converter. The same holds true for the refer- 
ence voltage. If reference can be conveniently tied to ana- 
log COMMON, it should be since this removes the common 
mode voltage from the reference system. 


Within the IC, analog COMMON is tied to an N channel 
FET that can sink approximately 30rnA of current to hold 
the voltage 2.8 volts below the positive supply (when a load 
is trying to pull the common line positive). However, there is 
only 1O,..Aof source current, so COMMON may easily be 
tied to a more negative voltage thus over-riding the internal 
reference. 
TEST 
The TEST pin serves two functions. On the 7106 it is 
coupled to the internally generated digital supply through a 
5000 resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 6 and 7 show such an 
application. No more than a 1mA load should be applied. 
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Figure 7: Exclusive 'OR' Gate for 
Decimal Point Drive 
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The 
second 
function 
is a "lamp 
test". 
When 
TEST 
is 
::::. 
pulled 
high (to V +) all segments 
will be turned 
on and the 
It 
display 
should 
read - 
1888. 
The TEST 
pin will sink about 
o 
10mA under these 
conditions. 


;: 
Caution: 
on the 7106, 
in the lamp test mode, the sag- 


••• 
ments 
have 
a constant 
DC voltage 
(no square-wave) 
and 
!II! 
may 
burn 
the 
LCD 
display 
if left 
in this 
mode 
for 
several 
minutes. 


DIGITAL 
SECTION 


Figures 
8 and 9 show the digital section 
for the 7106 and 
7107, 
respectively. 
In the 7106, an internal 
digital 
ground 
is 
generated 
from a 6 volt Zener 
diode and a large P channel 
source 
follower. 
This supply is made stiff to absorb 
the rela- 
tive large capacitive 
currents 
when the back plane (BP) volt- 


age is switched. 
The 
BP frequency 
is the clock 
frequency 
divided 
by 800. 
For three 
readings/second 
this 
is a 60Hz 
square 
wave with a nominal 
amplitude 
of 5 volts. 
The seg- 
ments 
are driven 
at the same frequency 
and amplitude 
and 
are'in 
phase with BP when OFF, but out of phase when ON. 
In all cases 
negligible 
DC voltage 
exists 
across 
the 
seg- 
ments. 


Figure 9 is the Digital Section 
of the 7107. It is identical 
to 
the 7106 
except 
that the regulated 
supply 
and back 
plane 
drive have been eliminated 
and the segment 
drive has been 


increased 
from 
2 to 8 mA, typical 
for instrument 
size com- 
mon 
anode 
LED displays. 
Since 
the 
1000 
output 
(pin 
19) 
must sink current 
from two 
LED segments, 
it has twice 
the 
drive capability 
or 16mA. 


In both 
devices, 
the polarity 
indication 
is "on" 
for nega- 
tive 
analog 
inputs. 
If IN LO and 
IN HI are reversed, 
this 
indication 
can be reversed 
also, if desired. 


System Timing 


Figure 
10 shows 
the 
clocking 
arrangement 
used 
in the 
7106 and 7107. Three 
basic clocking 
arrangements 
can be 
used: 


1. 
An external 
oscillator 
connected 
to pin 40. 


2. 
A crystal 
between 
pins 39 and 40. 


3. 
An R-C oscillator 
using all three 
pins. 


The oscillator 
frequency 
is divided 
by four before 
it clocks 
the decade 
counters. 
It is then 
further 
divided 
to form 
the 
three 
convert-cycle 
phases. 
These 
are 
signal 
integrate 
(1000 
counts), 
reference 
de-integrate 
(0 to 
2000 
counts) 
and auto-zero 
(1000 to 3000 
counts). 
For signals 
less than 
full scale, 
auto-zero 
gets 
the 
unused 
portion 
of reference 
deintegrate. 
This makes a complete 
measure 
cycle of 4,000 
counts 
(16,000 
clock 
pulses) 
independent 
of input voltage. 


For 
three 
readings/second, 
an 
oscillator 
frequency 
of 
48kHz 
would 
be used. 


To achieve 
maximum 
rejection 
of 60Hz pickup, 
the signal 
integrate 
cycle 
should 
be a multiple 
of 60Hz. Oscillator 
fre- 
quencies 
of 240kHz, 
120kHz, 
80kHz, 
60kHz, 
48kHz, 
40kHz, 


33%kHz, 
etc. should 
be selected. 
For 50Hz rejection, 
Oscil- 
lator 
frequencies 
of 
200kHz, 
100kHz, 
66% 
kHz, 
50kHz, 


40kHz, 
etc. would 
be suitable. 
Note 
that 
40kHz 
(2.5 read- 
ings/second) 
will 
reject 
both 
50 and 
60Hz 
(also 
400 
and 
440Hz). 
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COMPONENT 
VALUE SELECTION 
Integrating Resistor 


Both the buffer amplifier 
and the integrator 
have a class A 
output 
stage 
with 
100",A 
of quiescent 
current. 
They 
can 
supply 4",A of drive current 
with negligible 
non-linearity. 
The 
integrating 
resistor 
should 
be large enough 
to remain 
in this 
very 
linear 
region 
over 
the 
input 
voltage 
range, 
but small 
enough 
that undue leakage 
requirements 
are not placed 
on 
the PC board. 
For 2 volt full scale, 
470kO 
is near optimum 
and similarly 
a 47kO 
for a 200.0 
mV scale. 


Integrating Capacitor 


The integrating 
capacitor 
should 
be selected 
to give the 
maximum 
voltage 
swing that ensures 
tolerance 
bUild-Up will 
not saturate 
the integrator 
swing 
(approx. 
0.3 volt 
from 
ei- 
ther 
supply). 
In the 
7106 
or the 
7107, 
when 
the 
analog 
COMMON 
is used 
as a reference, 
a nominal 
± 2 volt 
full 
scale 
integrator 
swing 
is fine. 
For the 
7107 
with 
± 5 volt 
supplies 
and 
analog 
COMMON 
tied 
to 
supply 
ground, 
a 
±3.5 
to 
±4 
volt swing 
is nominal. 
For three 
readings/sec- 
ond (48kHz 
clock) 
nominal 
values 
for CINT are 0.22",F 
and 
O.lO",F, 
respectively. 
Of course, 
if different 
oscillator 
fre- 
quencies 
are used, 
these 
values 
should 
be changed 
in in- 
verse 
proportion 
to maintain 
the same output 
swing. 
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over 
errors. 
While 
other 
types 
of capacitors 
are adequate 
for this application, 
polypropylene 
capacitors 
give undetect- 
able errors 
at reasonable 
cost. 


Auto-Zero 
Capacitor 


The 
size of the 
auto-zero 
capacitor 
has some 
influence 
on the 
noise 
of the 
system. 
For 
200mV 
full 
scale 
where 
noise 
is very important, 
a 0.47fLF 
capacitor 
is recommend- 
ed. On the 2 volt scale, 
a 0.047fLF 
capacitor 
increases 
the 
speed 
of recovery 
from 
overload 
and is adequate 
for noise 
on this scale. 
Reference 
Capacitor 


A 0.1 fLF capacitor 
gives 
good 
results 
in most 
applica- 
tions. 
However, 
where 
a large common 
mode voltage 
exists 
(i.e. the 
REF 
LO pin 
is not 
at 
analog 
COMMON) 
and 
a 
200mV 
scale 
is used. a larger 
value 
is required 
to prevent 
roll-over 
error. 
Generally 
1.0fLF will hold the roll-over 
error 
to 0.5 count 
in this instance. 
Oscillator 
Components 


For all ranges 
of frequency 
a 100kO 
resistor 
is recom- 
mended 
and 
the 
capacitor 
is selected 
from 
the 
equation 
0.45 
. 
C 
f=RC"' 
For 48kHz 
clock 
(3 readings/second), 
= 100pF. 


Reference 
Voltage 


The 
analog 
input 
required 
to generate 
full-scale 
output 
(2000 
counts) 
is: VIN = 2VREF. Thus, 
for the 200.0mV 
and 
2.000 volt scale, Vref should 
equal 100.0 mV and 1.000 volt, 
respectively. 
However, 
in many applications 
where 
the AID 
is connected 
to a transducer, 
there 
will exist a scale factor 
other 
than 
unity 
between 
the input 
voltage 
and the digital 
reading. 
For instance, 
in a weighing 
system, 
the 
designer 
might like to have a full scale reading when the voltage 
from 
the transducer 
is 0.682V. 
Instead 
of dividing 
the input down 
to 200.0mV, 
the designer 
should 
use the 
input voltage 
di- 
rectly 
and 
select 
VREF=0.341V. 
Suitable 
values 
for 
inte- 
grating 
resistor 
and capacitor 
would 
be 120kO 
and O.22fLF. 


This 
makes 
the 
system 
slightly 
quieter 
and 
also 
avoids 
a 
divider 
network 
on the input. 
The 7107 with 
± 5V supplies 
can accept 
input signals 
up to 
±4V. 
Another 
advantage 
of 
this system 
occurs 
when 
a digital 
reading 
of zero is desired 
for VIN*O. 
Temperature 
and weighing 
systems 
with a vari- 
able 
tare are examples. 
This offset 
reading 
can be conve- 
niently 
generated 
by connecting 
the voltage 
transducer 
be- 
tween 
IN HI and COMMON 
and the variable 
(or fixed) offset 
voltage 
between 
COMMON 
and IN LO. 


7107 Power Supplies 


The 7107 
is designed 
to work 
from 
±5V 
supplies. 
How- 
ever. if a negative 
supply 
is not available, 
it can be generat- 
ed from the clock 
output 
with.2 diodes, 
2 capacitors, 
and an 
inexpensive 
I.C. 
Figure 
11 
shows 
this 
application. 
See 
ICL7660 
data sheet 
for an alternative. 


0335-12 
Figure 11: Generating 
Negative 
Supply 
from 
+5V 


In fact, in selected 
applications 
no negative 
supply 
is re- 
quired. 
The conditions 
to use a single + 5V supply 
are: 


1. 
The input signal can be referenced 
to the center 
of 
the common 
mode range 
of the converter. 


2. 
The signal 
is less than 
± 1.5 volts. 


3. 
An external 
reference 
is used. 


TYPICAL 
APPLICATIONS 


The 
7106 
and 
7107 
may 
be used 
in a wide 
variety 
of 
configurations. 
The circuits 
which 
follow 
show 
some 
of the 
possibilities, 
and serve to illustrate 
the exceptional 
versatili- 
ty of these 
AI D converters. 
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0335-13 
Figure 12: 7106 using the Internal 
reference. 
Values shown 
are for 200.0 mV full scale, 
3 readings 
per second, 
floating 
supply 
voltage 
(9V battery). 
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0335-1' 
Figure 13: 7107 using the Internal 
reference. 
Values shown are for 200.0mV full scale, 3 
readings 
per second. 
IN LO may be tied to either 
COMMON for Inputs floating 
with respect 
to 
supplies, 
or GND for single ended Inputs. (See 
discussion 
under Analog COMMON.) 
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0335-15 
Figure 
14: 7107 with an external 
band-gap 
reference 
(1.2V type). IN LO Is tied to COMMON 
thus establishing 
the correct 
common 
mode 
' 
voltage. 
If COMMON Is not shorted 
to GND the 
input voltage 
may float with respect 
to the 
power supply 
and COMMON acts as a pre- 
regUlator 
for the reference. 
If COMMON Is 
shorted 
to GND, the input is single ended 
(referred 
to supply 
ground) 
and the pre- 
regulator 
Is over-ridden. 
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0335-'6 
Figure 15: 7107 with Zener diode reference. 
Since low T.C. zeners have breakdown 
voltages 
- 
6.aV, diode must be placed across 
the total 
supply 
(10V). As in the case of Figure 15,IN LO 
may be tied to either COMMON or GND. 
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Figure 16: 710617107: Recommended 
component 
values for 2.000V full scale. 
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0335-16 
Figure 17: 7107 operated from single + 5Y 
supply. An external reference must be used in 
this application, 
since the voltage between Y+ 


and Y - is insufficient 
for correct operation 
of 
the internal reference. 
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0335-19 
Figure 18: 7107 measuring ratlometric 
values of 
Quad Load Cell. The resistor values within the 
bridge are determined 
by the desired sensitivity. 
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0335-20 
Figure 19: 7106 used as a digital centigrade 
thermometer. 
A silicon diode-connected 
transistor 
has a temperature 
coefficient 
of 
about - 2mYrc. Calibration 
is achieved by 
placing the sensing transistor 
in ice water and 
adjusting the zeroing potentiometer 
for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor 
potentiometer 
adjusted for 100.0 reading. 
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0335-2' 
Figure 20: Circuit for developing 
Underrange 
and Overrange signals from 7106 outputs. 
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APPLICATION 
NOTES 
A016 
"Selecting AID Converters", by David Fullagar. 


A017 
"The Integrating AID Converter", By Lee Evans. 


A018 
"Do's and Don'ts of Applying AID Converters", by 
Peter Bradshaw and Skip Osgood. 


A023 
"Low Cost Digital Panel Meter Designs", by David 
Fullagar and Michael Dufort. 


A032 
"Understanding the AUlo-Zero and Common Mode 
Performance of the ICL71061719 Family", by Peter 
Bradshaw. 


A046 
"Building a Battery-Operated Auto Ranging DVM 
with the ICL7106", by Larry Goff. 
A052 
"Tips for Using Single-Chip 3Yz-Digit AID Convert· 
ers", by Dan Watson. 


0335-22 
Figure 21: Circuit 
for developing 
Underrange 
and Overrange 
signals from 7107 outputs. 
The 
LM339 is required 
to ensure logic compatibility 
with heavy display 
loading. 
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Figure 22: AC to DC Converter 
with 7106. TEST is used as a common 
mode reference 
level to ensure 
compatibility 
with most op-amps. 


0335-24 
Figure 23: Display Buffering 
for Increased 
drive current. 
Requires 
four DM7407 Hex Buffers. 
Each buffer 
Is capable of sinking 
40 mA. 
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u 
:::. 
coo.•.,.. 
••• 
Oscillator Frequency 
~ 
'ose = 0.45/RC 
Cose > 50pF; Rose > 50Kfi 
fose typo = 48KHz 
Oscillator Period 
tose = RC/0.45 
Integration Clock Frequency 
feLOCK = fose/4 
Integration Period 
tiNT = 1000 x (4/fose) 
60/50 Hz Rejection Criterion 
tINT/~OHzor tlNT/tsoHz = Integer 
Optimum Integration Current 
liNT = 4.01-'A 
Full Scale Analog Input Yoltage 
YINFSTypically = 200mY or 2.0Y 
Integrate Resistor 
R 
- YINFS 
INT- 
liNT 


Integrate Capacitor 


ICL7106/07 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Conversion cycle 
teve = teLOCKx 4000 
teve = lose x 16,000 
when fose = 48KHz; teve = 333mS 
Common Mode Input Yoltage 
(Y- 
+ 1.0V) < YIN < (Y+ - 0.5Y) 
Auto Zero Capacitor 
0.011-'F< CAZ < 1.0 I-'F 
Reference Capacitor 
0.11-'F< CREF< 1.0 I-'F 
YeoM 
Biased between Y+ and Y-. 


VCOM "" V+ 
-2.8V 
Regulation lost when Y+ to Y- 
< ""6.4Y. 


If YeoM is externally pulled down to 
(Y+ to Y-)/2, 
the YeoM circuit will 
turn off. 
ICL7106 Power Supply: Single 9Y 
Y+ - 
Y- 
= 9Y 
Digital supply is generated internally 
YGND"" Y+ -4.5Y 
ICL7106 Display: LCD 
Type: Direct drive with digital 
logic supply amplitude. 
ICL7107 Power Supply: Dual ± 5.0Y 
Y+ = +5.0Y to GND 
Y- 
= -5.0Y to GND 
Digital Logic and LED driver supply 
Y+ to GND 
ICL7107 Display: LED 
Type: Non-Multiplexed Common Anode 


C 
- (tINT)(IINT) 
INT- 
YINT 


Integrator Output Yoltage Swing 


YINTMaximum Swing: 
(Y- 
+ 0.5Y) < YINT < (Y+ - 0.5Y) 
YINTtypically = 2.0Y 
Display Count 


COUNT = 1000 X YIN 
YREF 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The Harris 
ICL7116 
and 7117 are high performance, 
low 
power 
3-V. digit 
AID 
converters. 
All the 
necessary 
active 
devices 
are contained 
on a single CMOS 
I.C., including 
sev- 
en 
segment 
decoders, 
display 
drivers. 
reference, 
and 
a 
clock. 
The 7116 is designed 
to interface 
with a liquid crystal 
display 
(LCD) and includes 
a backplane 
drive; the 7117 will 
directly 
drive an instrument-size 
common 
anode 
light emit- 


ting diode 
(LED) display. 


The 7116 and 7117 have almost 
all of the features 
of the 
7106 
and 7107 with the addition 
of a HoLD 
Reading 
input. 


With 
this input, 
it is possible 
to make 
a measurement 
and 
then 
retain 
the 
value 
on the 
display 
indefinitely. 
To make 
room 
for this 
feature 
the 
reference 
input 
has been 
refer- 
enced 
to Common 
rather than being fully differential. 
These 
circuits 
retain the accuracy, 
versatility, 
and true economy 
of 
the 
7106 
and 
7107. 
They 
feature 
auto-zero 
to 
less 
than 
1O,...V. zero 
drift of less than 
1,...VrC. 
input bias current 
of 
10pA maximum, 
and roll over error of less than 
one count. 


The versatility 
of true differential 
input is of particular 
advan- 
tage 
when 
measuring 
load 
cells, 
strain 
gauges 
and 
other 
bridge-type 
transducers. 
And 
finally, 
the 
true 
economy 
of 
single 
power 
supply 
operation 
(7116) 
enables 
a high 
per- 
formance 
panel 
meter 
to be built with the addition 
of only 
eleven 
passive 
components 
and a display. 


ICL7116/7117 E 
3%-Digit LCD/LED t 
Single-Chip A/D Converter ! 
with Display Hold ~g 
FEATURES 


• HoLD 
Reading 
Input 
Allows 
Indefinite 
Display 
Hold 


• Guaranteed 
Zero 
Reading 
for 
0 Volts 
Input 


• True 
Polarity 
at Zero 
for 
Precise 
Null Detection 


• 1pA Input 
Current 
Typical 


• True 
Differential 
Input 


• Direct 
Display 
Drive 
- 
No External 
Components 
Required 
- 
LCD ICL7116 
- 
LED ICL7117 


• Low 
Noise 
- 
Less 
Than 
15,...V pk-pk 
Typical 


• On-Chip 
Clock 
and 
Reference 


• Low 
Power 
Dissipation 
- 
Typically 
Less 
Than 
10mW 


• No Additional 
Active 
Circuits 
Required 


• New Small 
Outline 
Surface 
Mount 
Package 
Available • 


Pari 
Temperature 
Display 


Number 
Range 
Package 
Type 


ICL7116CPL 
OOCto+70oC 
40 Pin Plastic DIP 
LCD 


ICL7116CM44 
oOcto +70oC 
44 Pin Surface Mount 
LCD 


ICL7117CPL 
OOCto+70oC 
40 Pin Plastic DIP 
LED 
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Figure 
1: Pin Configurations 


HARRIS 
SEMICONQUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARHANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


•••.... 
••• 
~ 
ABSOLUTE 
MAXIMUM 
RATINGS 
:: 
ICL7116 


~ 
SupplyVoltage(V+ 
toV-) 
1SV 
S! 
Analog 
Input Voltage 
(either input) (Note 1) 
V+ 
to V- 


Reference 
Input Voltageieither 
input) 
V+ 
to V- 
HLDR, Clock Input 
Test to V+ 
Power 
Dissipation 
(Note 2) 
Ceramic 
Package 
1000mW 
Plastic 
Package 
800mW 
Operating 
Temperature 
O"C to + 70·C 
Storage 
Temperature 
-6S·C 
to + 1S0·C 
Lead Temperature 
(Soldering, 
10sec) 
300"C 


SupplyVoltageV+ 
+6V 
V- 
-9V 
Analog 
Input Voltage 
(either input) (Note 1) 
V+ 
to V- 


Reference 
Input Voltage 
(either input) 
V+ 
to V- 


HLDR, Clock Input 
Gnd to V+ 
Power 
Dissipation 
(Note 
2) 
Ceramic 
Package 
1000mW 
Plastic Package 
800mW 
Operating 
Temperature 
O"C to + 70"C 
Storage 
Temperature 
-6S·C 
to + 1S0·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


'Note1: 
Input vonagas may exceed the supply voltages 
provided the input current is limned to ± l00f'A. 


Note 2: Dissipation 
rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses 
above 
those/isted 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device 
ratiability. 


Parameter 
Test Conditions 
Mln 
Typ 
Max 
Unit 


Zero Input Reading 
VIN=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 
Full Scale=200.0mV 


Ratiometric 
Reading 
VIN=VREF 
999 
999/1000 
1000 
Digital Reading 
VREF=100mV 


Rollover 
Error (Difference 
in 
IVIN I '" 200.0mV 
-1 
±0.2 
+1 
Counts 
reading for equal positive 
and 


negative 
reading 
near Full Scale) 


Linearity 
(Max. deviation 
from 
Full Scale=200mV 
-1 
±0.2 
+1 
Counts 
best straight 
line fit) 
or Full Scale = 2.000V 
(Note 7) 


Common 
Mode Rejection 
Ratio 
VCM= 
±1V, 
VIN=OV, 
50 
p.VN 
(Note 4) 
Full Scale=200.0mV 


Noise (Pk - 
Pk value not exceeded 
VIN=OV 
15 
p.V 
95% of time) 
Full Scale = 200.0mV 


Leakage 
Current 
@ Input 
VIN = OV (Note 7) 
1 
10 
pA 


Zero Reading 
Drift 
VIN=O 
0.2 
1 
p'vrc 
O·C<TA <70·C 
(Note 7) 


Scale Factor 
Temperature 
VIN = 199.0mV 
1 
5 
ppmrC 
Coefficient 
0·C<TA<70·C 


(Ext. Ref. OppmrC) 
(Note 7) 


V + Supply Current 
(Does not 
VIN=O 
0.8 
1.8 
mA 
include 
LED current 
for 7117) 


V- 
Supply Current(7117 
only) 
0.6 
1.8 
mA 


Analog 
Common 
Voltage 
(With 
2SkO between 
COMMON 
2.4 
2.8 
3.2 
V 
respect 
to pos. supply) 
& pos. Supply 


Temp. Coeff. 
of Analog 
Common 
25kO between 
COMMON 
80 
ppmrC 
(with respect 
to pos. Supply) 
& pos. Supply 


Input Resistance, 
Pin 1 (Note 6) 
30 
70 
kO 


VIL. Pin 1 (7116 only) 
TEST + 1.5 
V 


Parameter 
Test Conditions 
Mln 
Typ 
Max 
Unit 


VIL.Pin 1 (7117 only) 
GND+1.5 
V 


VIH.Pin 1 (Both) 
V+ -1.5 
V 


71160NLY 
V+-V-=9V 
4 
5 
6 
V 
Pk-Pk Segment Drive Voltage 
4 
5 
6 
Pk-Pk Backplane Drive Voltage 
(Note 5) 


7117 ONLY 
V+ =5.0V 
Segment Sinking Current 
(Except Pin 19 and 20) 
Segment Voltage = 3V 
5 
8.0 
(Pin 19 only) 
10 
16 
mA 
(Pin 20 only) 
4 
7 


NOTES: 3. Unless otherwise 
noted, specifications 
apply to both the 7116 and 7117 at TA = 25°C, fclock = 48kHz. 7116 is tested in the circuit of Figure 2. 7117 is 
tested in the circuit of FlQure 3. 


4. Refer to "Oifferential 
Input" discussion. 


5. Back plane drive is in phase with segment drive for 'off' segment, 180" out of phase for 'on' segment. Frequency is 20 times conversion 
rate. Average 
DC component 
is less than SOmV. 
6. The 7116 logic input has an internal pull-down 
resistor connected 
from HLOR, pin 1, to TEST, pin 37. The 7117 logic input has an internal pull·down 
2 
resistor connected 
from HLOR. pin 1 to GROUND, pin 21. 


7. Not tested, guaranteed 
by design. 


0338-' 
Figure 3: ICL7117 Test Circuit 
and Typical 
Application 
With LED Display 
0338-3 
Figure 2: ICL7116 Test Circuit 
and Typical 
Application 
With LiqUid Crystal 
Display 


:: 
Analog Section 


••• 
Figure 4 shows the Analog Section for the ICL7116 and 
~ 
7117. Each measurement cycle is divided into three phas- 
es. They are (1) auto-zero (AlZ) , (2) signal integrate (INn 
and (3) de-integrate (DE). 
Auto-zero phase 
During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
CAZto compensate for offset voltages in the buffer amplifi- 
er, integrator, and comparator. Since the comparator is in- 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than 10JLV. 
Signal Integrate phase 
During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
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integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat- 
ed signal is determined. 
De-integrate phase 
The final phase is de-integrate, or reference integrate. In- 


put low is internally connected to analog COMMON and in- 
put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 


1000 (Vin). 
Vref 


I 
I 
INLO: 
30 


I 
INT 
L 
~ 
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Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 


in the common 
mode range of the input amplifier; 
or specifi- 
cally 
from 
0.5 volts 
below 
the 
positive 
supply 
to 
1.0 volt 
above 
the negative 
supply. 
In this range 
the system 
has a 
CMRR 
of typically 
86dB. 
However, 
since the integrator 
also 
swings 
with the common 
mode voltage, 
care must be exer- 
cised 
to assure 
the integrator 
output 
does 
not saturate. 
A 
worse 
case 
condition 
would 
be a large 
positive 
common- 
mode 
voltage 
with a near full-scale 
negative 
differential 
in- 
put voltage. 
The negative 
input signal 
drives 
the integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
common 
mode 
voltage. 
For these 
critical 
applica- 
tions 
the integrator 
swing 
can be reduced 
to less than 
the 
recommended 
2V full scale 
swing with little loss of accura- 


cy. The 
integrator 
output 
can 
swing 
to within 
0.3 volts 
of 
either 
supply 
without 
loss of linearity. 
See Application 
Note 
A032 for a discussion 
of the effects 
of stray capacitance. 


Reference 


The reference 
input must be generated 
as a positive 
volt- 
age with respect 
to COMMON. 
Note that current 
flowing 
in 
the COMMON 
pins' internal 
resistance 
causes 
a slight shift 
in 
the 
effective 
reference 
voltage, 
disturbing 
ratiometric 


readings 
at low reference 
inputs. 
If possible, 
do not let this 


current 
vary. 


Analog COMMON 


This 
pin is included 
primarily 
to set the 
common 
mode 
voltage 
for battery 
operation 
(7116) or for any system where 
the input signals 
are floating 
with respect 
to the power 
sup- 
ply. The COMMON 
pin sets a voltage 
that is approximately 
2.8 volts 
less than 
the 
positive 
supply. 
This 
is selected 
to 
provide 
proper 
operation 
with a minimum 
end-of-life 
battery 
voltage 
of about 6V. However, 
analog 
COMMON 
does have 
some 
of the 
attributes 
of a reference 
voltage. 
When 
the 
total 
supply 
voltage 
is large enough 
to cause 
the zener 
to 
regulate 
(> 7V), the COMMON 
voltage 
will have a low volt- 
age coefficient 
(.001 %/V), 
low output 
impedance 
('" 
15n), 


and a temperature 
coefficient 
typically 
less than 80ppm/"C. 


The 
limitations 
of the 
on-chip 
reference 
should 
also 
be 
recognized, 
however. 
With 
the 
7117, 
the 
internal 
heating 
which 
results 
from 
the LED drivers 
can cause 
some degra- 
dation 
in performance. 
Due to their 
higher 
thermal 
resist- 


ance, 
plastic 
parts 
are poorer 
in this respect 
than 
ceramic. 


The 
combination 
of 
reference 
Temperature 
Coefficient 
(TC), internal 
chip 
dissipation, 
and package 
thermal 
resist- 
ance 
can 
increase 
noise 
near 
full 
scale 
from 
25J.1-Vto 
80J.l-Vpk-pk. Also 
the linearity 
in going 
from 
a high dissipa- 


tion count 
such as 1000 (20 segments 
on) to a low dissipa- 


tion 
count 
such 
as 1111 
(8 segments 
on) can suffer 
by a 
count 
or more. 
Devices 
with 
a positive 
TC reference 
may 
require 
several 
counts 
to pull out of an overload 
condition. 


This is because 
overload 
is a low dissipation 
mode, with the 
three 
least 
significant 
digits 
blanked. 
Similarly, 
units with a 
negative 
TC may cycle 
between 
overload 
and a nonover- 


load count 
as the die alternately 
heats and cools. 
All these 
problems 
are of course 
eliminated 
if an external 
reference 
is 
used. 


The 
7116, 
with 
its 
negligible 
dissipation, 
suffers 
from 
none 
of these 
problems. 
In either 
case, 
an external 
refer- 


ence can easily 
be added, 
as shown 
in Figure 
5. 


Analog 
COMMON 
is also 
the voltage 
that 
input 
low re- 
iO 
turns to during auto-zero 
and de-integrate. 
If IN LO is differ- 
:: 
ent from analog 
COMMON, 
a common 
mode voltage 
exists 
•.•• 
in the system 
and is taken care of by the excellent 
CMRR 
of 
••• 
the converter. 
However, 
in some applications 
IN LO will be 
~ 
set at a fixed 
known 
voltage 
(power 
supply 
common 
for in- 


stance). 
In this application, 
analog 
COMMON 
should 
be tied 
to the same 
point, 
thus 
removing 
the common 
mode 
volt- 
age from the converter. 


y. 
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Figure 5: Using an External Reference 


Within 
the IC, analog 
COMMON 
is tied to an N channel 
FET that can sink 30mA or more of current 
to hold the volt- 
age 2.8 volts 
below 
the positive 
supply 
(when 
a load is try- 


ing to pull the common 
line positive). 
However, 
there 
is only 
10J.l-Aof source 
current, 
so COMMON 
may easily be tied to 
a more 
negative 
voltage 
thus over-riding 
the internal 
refer- 
ence. 
• 


TEST 


The 
TEST 
pin serves 
two 
functions. 
On the 
7116 
it is 
coupled 
to the internally 
generated 
digital 
supply 
through 
a 
500n 
resistor. 
Thus 
it can be used as the negative 
supply 
for externally 
generated 
segment 
drivers 
such 
as decimal 
points 
or any other 
presentation 
the user 
may want 
to in- 


clude 
on the 
LCD display. 
Figures 
6 and 7 show 
such 
an 
application. 
No more than a 1mA load should 
be applied. 


D.C'••••••[ 
POINT 
ULECT 


Figure 7: Exclusive 
'OR' Gate for 
Decimal Point Drive 


The second function is a "lamp test". When TEST is 
pulled to high (to V +) all segments will be turned on and the 
display should read - 
1888. [Caution: on the 7116, In the 
lamp test mode, the segments have a constant DC volt· 
age (no square-wave) 
and will burn the LCD display If 
left In this mode for several minutes.] 
DIGITAL SECTION 
Figures 8 and 9 show the digital section for the 7116 and 
7117, respectively. In the 7116, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the rela- 
tive large capacitive currents when the back plane (BP) volt- 
age is switched. The BP frequency is the clock frequency 
divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The seg- 
ments are driven at the same frequency and amplitude and 
are in phase with BP when OFF, but out of phase when ON. 
In all cases negligible DC voltage exists across the seg- 
ments. 


Figure 9 is the Digital Section of the 7117. It is identical to 
that of the 7116 except the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8mA, typical for instrument size com- 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. 


In both devices the polarity indicator is ON for negative 
analog inputs. This can be reversed by simply reversing IN 
LO and IN HI. 
HOLD Reading Input 
The HLDR input will prevent the latch from being updated 
when this input is at a logic "1". The chip will continue to 
make A/D conversions, however, the results will not be up- 
dated to the internal latches until this input goes low. This 
input can be left open or connected to TEST (7116) or 
GROUND (7117) to continuously update the display. This 
input is CMOS compatible, and has a 70k!l typical resist- 
ance to either TEST (7116) or GROUND (7117). 
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System Timing 


Figure 
10 shows 
the 
clocking 
arrangement 
used 
in the 
7116 and 7117. Three 
basic clocking 
arrangements 
can be 
used: 


1. 
An external 
oscillator 
connected 
to pin 40. 


2. 
A crystal 
between 
pins 39 and 40. 


3. 
An R-C oscillator 
using all three 
pins. 


The oscillator 
frequency 
is divided 
by four before 
it clocks 
the decade 
counters. 
It is then 
further 
divided 
to form 
the 
three 
convert-cycle 
phases. 
These 
are 
signal 
integrate 
(1000 
counts), 
reference 
de-integrate 
(0 to 2000 
counts) 
and auto-zero 
(1000 
to 3000 counts). 
For signals 
less than 
full scale, 
auto-zero 
gets 
the 
unused 
portion 
of reference 
deintegrate. 
This makes 
a complete 
measure 
cycle of 4,000 
(16,000 
clock 
pulses) 
independent 
of 
input 
voltage. 
For 
three 
readings/second, 
an 
oscillator 
frequency 
of 48kHz 
would 
be used. 


To achieve 
maximum 
rejection 
of 60Hz pickup, 
the signal 
integrate 
cycle 
should 
be a multiple 
of 60Hz. Oscillator 
fre- 
quencies 
of 240kHz, 
120kHz, 
80kHz, 
60kHz, 
48kHz, 
40kHz, 
33'1akHz, etc. should 
be selected. 
For 50Hz rejection, 
Oscil- 
lator 
frequencies 
of 
200kHz, 
100kHz, 
66%kHz, 
50kHz, 
40kHz, 
etc. would 
be suitable. 
Note 
that 
40kHz 
(2.5 read- 
ings/second) 
will 
reject 
both 
50 and 
60Hz 
(also 
400 
and 
440Hz). 
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COMPONENT 
VALUE SELECTION 
Integrating Resistor 
Both the buffer amplifier and the integrator have a class A 
output stage with 100JLAof quiescent current. They can 
supply 20JLAof drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volts full scale, 470kfi is near 
optimum and similarly a 47kfi 
resistor is optimum for a 
200.0mV scale. 
Integrating Capacitor 
The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from ei- 
ther supply). In the 7116 or the 7117, when the analog 
COMMON is used as a reference, a nominal ± 2 volt full 
scale integrator swing is fine. For the 7117 with ± 5 volt 
supplies and analog common tied to supply ground, a ± 3.5 
to ± 4 volt swing is nominal. For three readings/second 
(48kHz clock), nominal values for CINT are 0.22JLF and 
O.lOJLF,respectively. Of course, if different oscillator fre- 
quencies are used, these values should be changed in in- 
verse proportion to maintain the same output swing. 


An additional requirement of the integrating capacitor is it 
have low dielectric absorption to prevent roll-over errors. 
While other types of capacitors are adequate for this appli- 
cation, polypropylene capacitors give undetectable errors at 
reasonable cost. 
Auto-Zero Capacitor 
The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.47JLFcapacitor is recommend- 
ed. On the 2 volt scale, a 0.047JLFcapacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 
Reference Capacitor 
A 0.1JLF capacitor gives good results in most applica- 
tions. If rollover errors occur a larger value, up to 1.0JLFmay 
be required. 
Oscillator Components 
For all ranges of frequency a 100kfi resistor is recom- 
mended and the capacitor is selected from the equation 
0.45 
f""Re"' 
For 48kHz clock (3 readings/second), C= 100pF. 


Reference Voltage 
The analog input required to generate full-scale output 


(2000 counts) is: VIN=2VREF. Thus, for the 200.0mV and 
2.000 volt scale, VREF should equal 100.0mV and 1.000 
volt, respectively. However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 


•••.•..•. 
••• 
digital reading. For instance, in a weighing system, the de- 
~ 
signer might like to have a full scale reading when the volt- 
:: 
age from the transducer is 0.682V. Instead of dividing the 
••• 
input down to 200.0mV, the designer should use the input 
••• 
voltage directly and select VREF=0.341V. Suitable values g 
for integrating resistor'and capacitor would be 120kfi and 
0.22JLF.This makes the system slightly quieter and also 
avoids a divider network on the input. The 7117 with ± 5 
volts supplies can accept input signals up to ±4 volts. An- 
other advantage of this system occurs when a digital read- 
ing of zero is desired for VIN*O. Temperature and weighing 
systems with a variable tare are examples. This offset read- 
ing can be conveniently generated by connecting the volt- 
age transducer between IN HI and COMMON and the vari- 
able (or fixed) offset voltage between COMMON and IN La. 
711TPower Supplies 
The 7117 is designed to work from ± 5 volt supplies. 
However, if a negative supply is not available, it can be gen- 
erated from the clock output with 2 diodes, 2 capacitors, 
and an inexpensive I.C. Figure 11 shows this application. 
See ICL7660 data sheet for an alternative. • 
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Figure 11: Generating Negative Supply 
from +5v 


In fact, in selected applications no negative supply is re- 


quired. The conditions to use a single +5V supply are: 


1. 
The input signal can be referenced to the center of 
the common mode range of the converter. 
2. 
The signal is less than ± 1.5 volts in magnitude. 


3. 
An external reference is used. 


TYPICAL APPLICATIONS 
The 7116 and 7117 may be used in a wide variety of 


configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili- 
ty of these AID converters. 
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Figure 12: 7116 using the internal reference. 
Values shown are for 200.0mV full scale, 
3 readings per second, floating supply 
voltage (9V battery). 
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Figure 13: 7117 using the internal reference. 
Values shown are for 200.0mV full scale, 3 
readings per second. IN LO may be tied to either 
COMMON for inputs floating with respect to 
supplies, or GND for single ended inputs. (See 
discussion 
under Analog Common.) 


7116/7117 
•• 
'-../ 
ose1 
l00KJ11 
05C2 
T Set VAEF = 1.000'1 
OSC 
3 
TEST 
'....' 
/ 
REF HI 
y- - 
C REF 
~O.l~F 
25KH 
24KO 


CAEF 
COMMON 
1MJl 
- 
INHI 
=.01I'F 
I 
IN LO 
.041",F 
AIZ 
470KlI 
BUFF 


INT 
.22",' 
Y 
G, 
C, 
) TO DISPLAY 
A, 
G, 


BP/GNO 


0338-15 


Figure 14: 7116/7117: Recommended 
component 
values for 2.000V full scale. 
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Figure 15: 7117 operated from single + 5V 
supply. An external reference 
must be used in 
this application, 
since the voltage between V+ 


and V- 
is insufficient 
for correct 
operation 
of 
the internal reference. 


7117 
•• 
DOC , 


DOC' 
DOC> 
TUT 


AE'H. 


Y 


C REF 


C REF 


CO •••• 
OH 


INNI 


IHLO 


AI' 
IUI' 


INT 


Y 
G, 
C,., 


G, 
GNO 
" 


f TO 
OtSPI.AY 


0338-17 


Figure 16: 7117 measuring ratiometric 
values of 
Quad Load Cell. The resistor values within the 
bridge are determined 
by the desired sensitivity. 
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Figure 17: 7116 used as a digital centigrade 
thermometer. 
A silicon diode-connected 
transistor 
has a temperature 
coefficient 
of 
about - 2mVrc. Calibration is achieved by 
placing the sensing transistor 
in ice water and 
adjusting the zeroing potentiometer 
for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale·factor 
potentiometer 
adjusted for 100.0 reading. • 


.•..•. 
••••••y 
Oscillator 
Frequency 


fosc 
= 0.45/RC 


COSC " 
50 pF; Rosc > 50 kfi 


fosc 
typo = 48 kHz 


Oscillator 
Period 


tosc 
= RC/0.45 


Integration 
Clock 
Frequency 


fCLOCK = fosc/4 
Integration 
Period 


tiNT = 1000 x (4/foscl 


60/50 
Hz Rejection 
Criterion 


t1NT/t60 Hz or tINT/tSO Hz = Integer 
Optimum 
Integration 
Current 


liNT = 4.0I-'A 


Full Scale Analog 
Input 
Yoltage 


YINFS typically 
= 200 mY or 2.0Y 


Integrate 
Resistor 


RINT = (YINFS) 
liNT 
Integrate 
Capacitor 


C 
- 
(tINT)(IINT) 
INT - 
YINT 


Integrator 
Output 
Yoltage 
Swing 


Y 
(tINT)(IINT) 
INT = 
CINT 


YINT Maximum 
SWing: 


(Y- 
+ 0.5Y) < YIHT < (Y+ 
- 
0.5Y) 


YINT typically 
= 2.0Y 


Display 
Count 


COUNT = 1000 X 
YIN 
YREF 


INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


AUTOZERO 
(COUNT) 


2999-1000 


Conversion 
Cycle 


tCYC = tCLOCK x 4,000 


tevc 
= tosc 
x 
16,000 


when 
fosc 
= 48 kHz, tCYC = 333 ms 


Common 
Mode Input 
Yoltage 


(Y- 
+ 
1.0Y) < YIN < (Y+ 
- 
0.5Y) 


Auto 
Zero Capacitor 


0.01 I-'F < CAZ < 1.0 I-'F 


Reference 
Capacitor 


O.lI-'F 
< CREF < 1.0I-'F 


YCOM 
Biased 
between 
y+ 
and Y-. 


YCOM '" 
Y+ 
- 
2.8Y 
Regulation 
lost when 
Y+ 
to Y- 
< '" 6.4Y. 


If YCOM is externally 
pulled 
down 
to (y+ 
to Y-)/2, 


the YCOM circuit 
will turn 
off. 


ICL7116 
Power 
Supply: 
Single 
9Y 


Y+ 
- 
Y- 
= 9Y 


Digital 
supply 
is generated 
internally 


YGND '" 
Y+ 
- 
4.5Y 
ICL7116 
Display: 
LCD 


Type: 
Direct 
drive 
with 
digital 
logic 
supply 
amplitude. 


ICL7117 
Power 
Supply: 
Dual ± 5.0Y 


Y+ 
= +5.0Y 
to GND 


Y- 
= -5.0Y 
to GND 


Digital 
Logic 
and LED driver 
supply: 
Y + to GND. 


ICL7117 
Display: 
LED 


Type: 
Non-Multiplexed 
Common 
Anode 


INTEGRATE 
(FIXED 
COUNT) 


1000 


DEINTEGRATE 
(COUNT) 


0-1999 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The Harris 
ICL7126 
is a high performance, 
very low pow- 
er 3%-digit 
AID 
converter. 
All the necessary 
active 
devices 
are contained 
on a single 
CMOS 
IC, including 
seven 
seg- 
ment 
decoders, 
display 
drivers, 
reference, 
and 
clock. 
The 
7126 
is designed 
to interface 
with 
a liquid 
crystal 
display 
(LCD) and includes 
a backplane 
drive. The supply current 
is 
100",A, 
ideally 
suited 
for 9V battery 
operation. 


The 7126 brings together 
an unprecedented 
combination 
of high accuracy, 
versatility, 
and true economy. 
It features 
auto-zero 
to less than 
10", V, zero drift of less than 
1",Vrc, 
input 
bias current 
of 10pA 
max., and rollover 
error 
of less 
than one count. 
The versatility 
of true differential 
input and 
reference 
is useful 
in all systems, 
but gives the designer 
an 


uncommon 
advantage 
when 
measuring 
load 
cells, 
strain 
gauges 
and 
other 
bridge-type 
transducers. 
And 
finally 
the 
true 
economy 
of 
single 
power 
supply 
operation 
allows 
a 
high performance 
panel 
meter 
to be built with the addition 
of only 
10 passive 
components 
and a display. 


The 
ICL7126 
can be used 
as a plug-in 
replacement 
for 
the ICL7106 
in a wide variety 
of applications, 
changing 
only 
the passive 
components. 
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FEATURES 


• 8,000 
Hours 
Typical 
9 Volt 
Battery 
Life 


• Guaranteed 
Zero 
Reading 
for 
0 Volts 
Input 
On All 
Scales 


• True 
Polarity 
at Zero 
for 
Precise 
Null Detection 


• 1pA Typical 
Input 
Current 


• True 
Differential 
Input 
and 
Reference 


• Direct 
LCD Display 
Drive 
- 
No External 
Components 
Required 


• Pin Compatible 
With 
The 
ICL7106 


• Low 
Noise 
- 
Less 
Than 
15", Vp-p 


• On-Chip 
Clock 
and 
Reference 


• Low 
Power 
Dissipation 
Guaranteed 
Less 
Than 
1mW 


• No Additional 
Active 
Circuits 
Required 


Part Number 
Temperature 
Package 
Range 


ICL7126CPL 
Q'Cto 
+7Q'C 
40-Pin Plastic DIP 


ICL7126RCPL 
O'Cto 
+70'C 
4Q-Pin Plastic DIP' 


ICL7126CDL 
Q'Cto 
+70'C 
40-Pin Ceramic 
DIP 


ICL7126CJL 
Q'Cto 
+70'C 
40-Pin CERDIP • 


OSC1 
OSC 2 
OSC 3 
TEST 
REF HI 
REF LO 


CREF+ 
CREF- 
COMMON 
IN HI 
IN LO 
AlZ 
BUFF 
INT 
v' 
G2 (TENS) 
C3j-:: 
A3 g 
03 
!£. 


BP 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, 
EXPRESS, IMPLIED OR STATUTORY, 
INCLUDING THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


10 
(\I.•. 
•••2 
ABSOLUTE 
MAXIMUM 
RATINGS 


SupplyVoltage(V+ 
toV-) 
15V 
Analog 
Input Voltage 
(Either Input) (Note 1) 
V+ 
to V- 


Reference 
Input Voltage 
(Either 
Input) 
V+ 
to V- 


Clock 
Input 
TEST to V + 


Power 
Dissipation 
(Note 2) 
Ceramic 
Package 
................•........... 
1000mW 
Plastic Package 
...........•.....•............. 
800mW 
Operating 
Temperature 
O·C to + 70·C 
Storage 
Temperature 
-65·Cto 
+ 150·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


NOTE 1: Input voltages 
may exceed 
the supply voltages 
provided 
the input current is limited to ± 100JLA. 


NOTE 
2: Dissipation 
rating assumes 
device 
is mounted 
with all leads soldered 
to printed circuit board. 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


Zero Input Reading 
VIN=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 
Full Scale=200.0mV 


Ratiometric 
Reading 
VIN=VREF 
999 
999/1000 
1000 
Digital Reading 
VREF=100mV 


Rollover 
Error (Difference 
in 


l-vlN 
1= +VIN" 
200.0mV 
-1 
±0.2 
+1 
Counts 
reading 
for equal positive 
and 


negative 
reading 
near Full Scale) 


Linearity 
(Max. deviation 
from 
Full scale=200mV 
-1 
±0.2 
+1 
Counts 
best straight 
line fit) 
or full scale = 2.000V 


Common 
Mode Rejection 
Ratio 
VCM= 
±1V, 
VIN=OV 
50 
!JoVIV 
(Note 4) 
Full Scale=200.0mV 


Noise (Pk - Pk value not exceeded 
VIN=OV 
15 
!JoV 
95% of time) 
Full Scale=200.0mV 


Leakage 
Current 
@ Input 
VIN=OV 
1 
10 
pA 


Zero Reading 
Drift 
VIN=O 
0.2 
1 
!JoVI"C 
0·C<TA<70·C 


Scale Factor Temperature 
VIN = 199.0mV 
1 
5 
ppml"C 
Coefficient 
0·C<TA<70·C 
(Ext 
Ref. 0 ppml"C) 


Supply Current 
(Does not 
VIN=O 
70 
100 
!JoA 
include 
COMMON 
current) 
(Note 6) 


Analog 
COMMON 
Voltage 
(With 
250kO 
between 
Common 
& 
2.4 
2.8 
3.2 
V 
respect 
to pos. supply) 
pos. Supply 


CHARACTERISTICS 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Temp. Coeff. of Analog 
COMMON 
250kfl 
between 
Common 
& 
150 
ppm/"C 
(with respect 
to pos. Supply) 
pos. Supply 


Pk-Pk Segment 
Drive Voltage 
V+ 
toV-=9V 
4 
5 
6 
V 
(Note 5) 


Pk-Pk Backplane 
Drive Voltage 
V+ 
toV-=9V 
4 
5 
6 
V 
(Note 5) 


Power Dissipation 
Capacitance 
vs. Clock Freq. 
40 
pF 


NOTES: 3. Unless otherwise 
noted. specifications 
apply at TA= 25°C, fclocll: = 16kHz and are tested in the circuit of Figure 4. 


4. Refer to "Differential 
Input" discussion. 


5. Back plane drive is in phase with segment drive for 'off' segment, 180"' out of phase for 'on' segment. Frequency is 20 times conversion 
rate. Average 


DC component 
is less than 50mV. 


6. During auto zero phase, current is 10·20,...A 
higher. 48kHz oscillator, 
Figure 5, increases 
current by BIJ.A(typ). 


7. Extra capacitance 
of CERDIP package changes oscillator 
resistor value to 470kn or 150kn (1 reading/sec 
or 3 readings/sec) 
. 
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Figure 4: 7126 Clock Frequency 
16kHz. (1 reading/see) 


Figure 5: Clock Frequency 48kHz. 
(3 readings/see) 


DETAILED 
DESCRIPTION 
Analog Section 


Figure 
2 shows 
the 
Functional 
Diagram 
of 
the 
Analog 
Section 
for the ICL7126. 
Each measurement 
cycle 
is divid- 
ed into three phases. 
They are (1) auto-zero 
(A-Z), (2) signal 
integrate 
(INT) and (3) de-integrate 
(DE). 
Auto-zero 
phase 


During 
auto-zero 
three 
things 
happen. 
First, 
input 
high 
and low are disconnected 
from the pins and internally 
short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Third, 
a feedback 
loop is 
closed 
around 
the system 
to charge 
the auto-zero 
capacitor 
CAZ to compensate 
for offset 
voltages 
in the buffer 
amplifi- 
er, integrator, 
and comparator. 
Since 
the comparator 
is in- 
cluded 
in the loop, the A-Z accuracy 
is limited 
only 
by the 
noise 
of the system. 
In any case, the offset 
referred 
to the 
input is less then 
lO,..V. 


Signal 
Integrate 
phase 


During signal 
integrate, 
the auto-zero 
loop is opened, 
the 
internal 
short 
is removed, 
and the 
internal 
input 
high and 
low are connected 
to the external 
pins. The converter 
then 
integrates 
the differential 
voltage 
between 
IN HI and IN LO 
for 
a fixed 
time. 
This 
differential 
voltage 
can 
be within 
a 
wide common 
mode range; within 
one Volt of either 
supply. 
If, on the 
other 
hand, 
the 
input 
signal 
has 
no return 
with 
respect 
to the converter 
power 
supply, 
IN LO can be tied to 
analog 
COMMON 
to establish 
the 
correct 
common-mode 
voltage. 
At the end of this phase, the polarity 
of the integrat- 
ed signal 
is determined. 


De-integrate 
phase 


The final phase 
is de-integrate, 
or reference 
integrate. 
In- 


put low is internally 
connected 
to analog 
COMMON 
and in- 


put high is connected 
across 
the previously 
charged 
refer- 
ence 
capacitor. 
Circuitry 
within 
the 
chip 
ensures 
that 
the 
capacitor 
will 
be 
connected 
with 
the 
correct 
polarity 
to 
cause 
the 
integrator 
output 
to return 
to zero. 
The time 
re- 
qUired for the output 
to return 
to zero is proportional 
to the 
input 
signal. 
Specifically 
the 
digital 
reading 
displayed 
is 


1000 
( 
VIN ). 


VREF 


Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common 
mode rante of the input amplifier; 
or specifi- 
cally 
from 
0.5 Volts 
below 
the 
positive 
supply 
to 
1.0 Volt 
above 
the 
negative 
supply. 
In this range 
the system 
has a 
CMRR 
of 86 db typical. 
However, 
since 
the integrator 
also 
swings 
with the common 
mode voltage, 
care must be exer- 
cised 
to assure 
the 
integrator 
output 
does 
not saturate. 
A 
worst 
case 
condition 
would 
be a large 
positive 
common- 


mode 
voltage 
with a near full-scale 
negative 
differential 
in- 
put voltage. 
The negative 
input signal 
drives 
the integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
common 
mode 
voltage. 
For these 
critical 
applica- 
tions 
the integrator 
swing 
can be reduced 
to less than 
the 
recommended 
2V full scale 
swing 
with little loss of accura- 
cy. The integrator 
output 
can swing within 0.3 Volts of either 
supply 
without 
loss of linearity. 
Differential Reference 


The reference 
voltage 
can be generated 
anywhere 
within 
the power supply voltage 
of the converter. 
The main source 
of common 
mode 
error is a roll-over 
voltage 
caused 
by the 
reference 
capacitor 
losing or gaining 
charge 
to stray capaci- 


ty on its nodes. 
If there 
is a large 
common 
mode 
voltage, 


the reference 
capacitor 
can gain charge 
(increase 
voltage) 
when 
called 
up to de-integrate 
a positive 
signal 
but 
lose 
charge 
(decrease 
voltage) 
when 
called 
up to deintegrate 
a 
negative 
input signal. This difference 
in reference 
for (+) 
or 
(-) 
input 
voltage 
will 
give 
a roll-over 
error. 
However, 
by 
selecting 
the reference 
capacitor 
large enough 
in compari- 
son to the stray capacitance, 
this error can be held to less 
than 
0.5 count 
for the worst 
case 
condition. 
(See Compo- 


nent Value 
Selection.) 
Analog COMMON 


This 
pin is included 
primarily 
to set the 
common 
mode 
voltage 
for battery 
operation 
or for any system 
where 
the 
input signals 
are floating 
with respect 
to the power 
supply. 
The COMMON 
pin sets a voltage 
that 
is approximately 
2.8 
Volts more negative 
than the positive 
supply. This is select- 


ed to give 
a minimum 
end-of-life 
battery 
voltage 
of about 
6V. However, 
analog 
COMMON 
has some 
of the attributes 
of a reference 
voltage. 
When 
the 
total 
supply 
voltage 
is 
large 
enough 
to 
cause 
the 
zener 
to 
regulate 
«7V), 
the 


COMMON 
voltage 
will 
have 
a 
low 
voltage 
coefficient 
(0.001 %/%), 
low output 
impedance 
("" 15n), 
and a temper- 
ature coefficient 
typically 
less than 80ppmrC. 


The 
limitations 
of the 
on-chip 
reference 
should 
also 
be 
recognized, 
however. 
The reference 
temperature 
coefficient 
(TC) can cause 
some degradation 
in performance. 
Temper- 


ature changes 
of 2 to 8'C, typical for instruments, 
can give a 
u_ 
scale 
factor 
error 
of a count 
or more. 
Also 
the 
common 
voltage 
will have a poor voltage 
coefficient 
when 
the total 
supply voltage 
is less than that which will cause the zener to 
regulate 
«7V). 
These 
problems 
are eliminated 
if an exter- 
nal reference 
is used, as shown 
in Figure 6. 


0339-7 
Figure 
6: Using 
an External 
Reference • 


Analog 
COMMON 
is also 
used 
as the 
input 
low 
return 
during 
auto-zero 
and de-integrate. 
If IN LO is different 
from 
analog 
COMMON, 
a common 
mode 
voltage 
exists 
in the 


system 
and is taken 
care of by the excellent 
CMRR 
of the 
converter. 
However, 
in some 
applications 
IN LO will be set 
at a fixed 
known 
voltage 
(power 
supply 
common 
for 
in- 
stance). 
In this application, 
analog COMMON 
should 
be tied 
to the same 
point, 
thus 
removing 
the common 
mode 
volt- 


age from 
the converter. 
The same 
holds 
true for the refer- 
ence 
voltage. 
If reference 
can be conveniently 
referenced 
to analog 
COMMON, 
it should 
be since 
this 
removes 
the 
common 
mode voltage 
from the reference 
system. 


Within 
the 
IC, analog 
COMMON 
is tied to an N channel 


FET that can sink 3mA or more of current 
to hold the volt- 
age 2.8 Volts 
below 
the positive 
supply 
(when a load is try- 
ing to pull the common 
line positive). 
However, 
there 
is only 
llJ-A of source 
current, 
so COMMON 
may easily be tied to a 
more 
negative 
voltage 
thus 
over-riding 
the 
internal 
refer- 
ence. 
TEST 


The TEST 
pin serves 
two functions. 
It is coupled 
to the 


internally 
generated 
digital 
supply 
through 
a soon 
resistor. 


Thus 
it can 
be used 
as the 
negative 
supply 
for externally 
generated 
segment 
drivers 
such 
as decimal 
points 
or any 


other presentation 
the user may want to include 
on the LCD 
display. 
Figures 
7 and 8 show such an application. 
No more 
than almA 
load should 
be applied. 


The 
second 
function 
is a "lamp 
test." 
When 
TEST 
is 


pulled 
high (to V+) 
all segments 
will be turned 
on and the 


display 
should 
read - 
1888. 
The TEST 
pin will sink about 


10mA under 
these 
conditions. 


Caution: 
In the 
lamp 
test 
mode, 
the 
segments 
have 
a 
constant 
D-C voltage 
(no 
square-wave) 
and 
may 
burn 
the 
LCD display 
if left 
in this 
mode 
for 
extended 
peri- 
ods. 
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Figure 7: Simple Inverter 
for Fixed 
Decimal Point 
Figure 8: Exclusive 
'OR' Gate for 
Decimal Point Drive 
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DIGITAL SECTION 


Figure 
9 shows 
the digital 
section 
for the 7126. An inter- 
nal digital 
ground 
is generated 
from 
a 6 Volt 
Zener 
diode 
and a large P channel 
source 
follower. 
This supply 
is made 
stiff 
to absorb 
the 
relative 
large 
capacitive 
currents 
when 
the back 
plane 
(BP) voltage 
is switched. 
The BP frequency 
is the clock 
frequency 
divided 
by 800. 
For three 
readings/ 
second 
this is a 60 Hz square 
wave 
with 
a nominal 
ampli- 


tude 
of 5 Volts. 
The segments 
are driven 
at the same 
fre- 


quency 
and amplitude 
and are in phase with BP when 
OFF, 
but out of phase 
when 
ON. In all cases 
negligible 
DC volt- 
age 
exists 
across 
the segments. 
The 
polarity 
indication 
is 
"ON" 
for 
negative 
analog 
inputs. 
If IN LO and 
IN HI are 
reversed, 
this indication 
can be reversed 
also, if desired. 


System Timing 


Figure 
10 shows 
the 
clocking 
arrangement 
used 
in the 
7126. Three 
basic clocking 
arrangements 
can be used: 


1. 
An external 
oscillator 
connected 
to pin 40. 


2. 
A crystal 
between 
pins 39 and 40. 


3. 
An R-C oscillator 
using all three 
pins. 


The oscillator 
frequency 
is divided 
by four before 
it clocks 
the decade 
counters. 
It is then 
further 
divided 
to form 
the 
three 
convert-cycle 
phases. 
These 
are 
signal 
integrate 
(1000 
counts), 
reference 
de-integrate 
(0 to 2000 
counts) 
and auto-zero 
(1000 
to 3000 counts). 
For signals 
less than 
full 
scale, 
auto-zero 
gets 
the 
unused 
portion 
of reference 
deintegrate. 
This makes a complete 
measure 
cycle of 4,000 
(16,000 
clock 
pulses) 
independent 
of 
input 
voltage. 
For 
three 
readings/second, 
an 
oscillator 
frequency 
of 
48kHz 
would 
be used. 
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To achieve 
maximum 
rejection 
of 60 Hz pickup, 
the signal 2 
integrate 
cycle 
should 
be a multiple 
of 60 Hz. Oscillator 
fre- 
quencies 
of 60kHz, 
48kHz, 
40kHz, 
33- '13kHz, etc. should 
be 
selected. 
For 50Hz 
rejection, 
oscillator 
frequencies 
of 66- 


"13kHz, 50kHz, 
40kHz, 
etc. 
would 
be 
suitable. 
Note 
that 
40kHz 
(2.5 readings/second) 
will reject 
both 
50 and 60Hz 
(also 400 and 440Hz). 
COMPONENT VALUE SELECTION 
Integrating Resistor 


Both the buffer amplifier 
and the integrator 
have a class A 
output 
stage 
with 6JJoAof quiescent 
current. 
They 
can sup- 
ply - 
1JJoAof drive current 
with negligible 
non-linearity. 
The 
integrating 
resistor 
should 
be large enough 
to remain 
in this 
very 
linear 
region 
over 
the 
input 
voltage 
range, 
but small 
enough 
that undue 
leakage 
requirements 
are not placed 
on 
the PC board. 
For 2 Volt full scale, 
1.8m.o 
is near optimum 
and similarly 
180k.o for a 200.0mV 
scale. 


Integrating Capacitor 


The integrating 
capacitor 
should 
be selected 
to give the 
maximum 
voltage 
swing that ensures 
tolerance 
build-up 
will 
not saturate 
the integrator 
swing 
(approx. 
0.3 Volt from 
ei- 
ther supply). 
When the analog 
COMMON 
is used as a refer- 


ence, 
a nominal 
±2 
Volt full scale 
integrator 
swing 
is fine. 


For three 
readings/second 
(48kHz 
clock) 
nominal 
values 
for CINT are 0.047JJoF,for 1/sec 
(16kHz) 
0.15JJoF.Of course, 
if different 
oscillator 
frequencies 
are 
used, 
these 
values 


should 
be changed 
in inverse 
proportion 
to 
maintain 
the 


same output 
swing. 


The 
integrating 
capacitor 
should 
have 
low dielectric 
ab- 


sorption 
to prevent 
roll·over 
errors. 
While 
other 
types 
may 
be adequate 
for this application, 
polypropylene 
capacitors 


give undetectable 
errors 
at reasonable 
cost. 


At three 
readings/sec., 
a 750.0 resistor 
should 
be placed 
in series 
with the integrating 
capacitor, 
to compensate 
for 
comparator 
delay. 
See App. Note A017 for a description 
of 
the need and effects 
of this resistor. 


Auto-Zero Capacitor 


The 
size of the 
auto· zero 
capacitor 
has some 
influence 


on the 
noise 
of the 
system. 
For 200mV 
full 
scale 
where 
noise 
is very important, 
a 0.32JJoFcapacitor 
is recommend- 


ed. On the 2 Volt scale, 
a 0.033JJoF capacitor 
increases 
the 
speed 
of recovery 
from overload 
and is adequate 
for noise 
on this scale. 
Reference Capacitor 


A 0.1JJoF capacitor 
gives 
good 
results 
in most 
applica- 
tions. 
However, 
where 
a large common 
mode voltage 
exists 
(i.e., the REF LO pin is not analog 
COMMON) 
and a 200mV 
scale 
is used, a larger value 
is required 
to prevent 
roll-over 
error. 
Generally 
1.0JJoFwill 
hold 
the 
roll-over 
error 
to 
0.5 
count 
in this instance. 
Oscillator Components 


For all ranges 
of frequency 
a 50pF 
capacitor 
is recom- 


mended 
and the resistor 
is selected 
from 
the approximate 


equation 
f - 
0.45. 
For 48kHz 
clock 
(3 readings/second), 


RC 


• 


Reference 
Voltage 


The 
analog 
input 
required 
to generate 
full-scale 
output 
(2000 
counts) 
is: VIN = 2VREF. Thus, 
for the 200.0mV 
and 
2.000 
Volt 
scale, 
VREF should 
equal 
100.0mV 
and 
1.000 
Volt, respectively. 
However, 
in many applications 
where 
the 
AID 
is connected 
to a transducer, 
there 
will exist 
a scale 
factor 
other 
than 
unity 
between 
the 
input 
voltage 
and the 
digital 
reading. 
For instance, 
in a weighing 
system, 
the de- 
signer 
might like to have a full scale 
reading 
when 
the volt- 
age from 
the transducer 
is 0.682V. 
Instead 
of dividing 
the 
input down 
to 200.0mV, 
the designer 
should 
use the input 
voltage 
directly 
and select 
VREF=0.341V. 
A suitable 
value 
for integrating 
resistor 
would be 330kn. 
This makes the sys· 
tem slightly 
quieter 
and also avoids 
the necessity 
of a divid· 
er network 
on the input. Another 
advantage 
of this system 
occurs 
when 
a digital 
reading 
of zero is desired 
for VIN"'O. 


Temperature 
and weighting 
systems 
with a variable 
tare are 
examples. 
This offset 
reading 
can be conveniently 
generat- 


ed by connecting 
the voltage 
transducer 
between 
IN HI and 
COMMON 
and the variable 
(or fixed) offset voltage 
between 
COMMON 
and IN La. 


TYPICAL 
APPLICATIONS 


The 7126 may be used in a wide variety 
of configurations. 


The circuits 
which follow 
show some of the possibilities, 
and 
serve 
to illustrate 
the 
exceptional 
versatility 
of these 
AID 
converters. 


•• 
To pin 1 
OOC1 
__ 0 


OOC' 
Set Ym 
=- l00.OnIV 
OOC' 
/ 
TEST 
SOp' 
REF HI 
REf LO 
CAEF 
O.l~F 
10f(n 
220Kll 


C REF 
COMMON 
lMIl 
IN HI 
.OlJolF 
IN 
IN 
LO 


All 
0.33,1<' 


BUFF 
110KJI 
= IV 
INT 
7SOll 
O.047JlF 
T 
V· 
0, 


}TO 
OISPLAY 
C, 
'"0, 
8P 
TO BACK PLANE 
" 


Figure 11: 7126 using the internal 
reference. 


Values shown are for 200.0mV full scale, 
3 readings 
per second, 
floating 
supply 
voltage 
(9V battery). 


•• 
To ••••• ' 
OOC 1 
'-11 
OOC2 
OOC. 
set 
Vm 
= lOG.OnIV 


TEST 
SOp' 
20Kfl / 
REF 
HI 
200K11 
27K" 


REF LO 
y+ 
CREf 
C REF 
COMMON 
IN HI 


.OlJolF 
IN 
IN LO 


All 
0.33", 


BUFf 
110Kn 


INT 
0.15"" 
Y' 
Y' 


0, 


}TO 
OISPUY 
C, 
'" 
Go 


8P 
TO BACK PLANE 
21 


Figure 12: 7126 with an external 
band-gap 
reference 
(1.2V type). 


IN LO is tied to COMMON, thus establishing 
the 
correct 
common 
mode voltage. 
COMMON acts 
as a pre-regulator 
for the reference. 
Values 
shown are for 1 reading 
per second. 


osel 
110Kn 
ose 
2 
Se' V,., = 1.000Y 
ole 3 
TEST 
50pf 
/ 
REFH' 
REF LO 
CREF 
O.lJ.lF 
250KfI 
240KU 


C REf 
COMMON 
'Mil 


INHI 
.01,..F 
INLO 


All 
O.022J.'F 


BUFF 
1.8MU 


INT 
75011 
0.0.471'F 
Y' 
0, 


lTO 
OISPUY 
C, 
'"0, 


8P 
TO BACK 
PlANE 
21 
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Figure 13: Recommended 
component 
values for 2.000V full scale, 


3 readings 
per second. 


For 1 reading 
per second, 
delete 750n resistor, 
change 
CINT, Rose to values of Figure 12. 


OSC1 


OBC. 
OBC' 
TEST 
AEFHI 


AEF LO 
CAEF 
CAEF 
CO•••• 
ON 


IN HI 
INLO 
AlZ 
BUFF 
INT 
Y- 


G2 
C, 


A3 
G, 
8P 


}TOOI.PUY 


TO BACK 
PLANE 


Figure 14: 7126 with Zener diode 
reference. 


Since low T.C. zeners have breakdown 
voltages 
- 6.8V, diode must be placed across the total 
supply 
(10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 


OBC 1 


OSC2 
OBC • 
TEST 
AEF HI 
REF LO 
C REF 
C REF 
COM"ON 
IN HI 
INLO 
AlZ 
BUFF 
INT 
Y· 
G, 
C, 


A3 
G, 
GNO 


set 
Vre' 
= tOO.Ornv 
..... 
/ 


lTO DI••••.AY':" 


TO BACK 
PLANE 


Figure 15: 7126 operated 
from 
single + 5V supply. 


An external 
reference 
must be used in this 
application, 
since the voltage 
between 
V+ and 
V- 
is insufficient 
for correct 
operation 
of the 
internal 
reference. 


OBC. 
OBC. 
OBC. 


TEST 
REFHI 
A!f 
LO 
CREf 
C REF 
CO •••• 
ON 


IN HI 
IN LO 
AlZ 
BUFF 
INT 
Y· 


G2 
C, 


A3 
G3 
8P 


}TOOI.PUY 


TOBACK 
PUN! 


0339-17 
Figure 16: 7126 measuring 
ratio metric 
values of Quad Load Cell. 


The resistor 
values within 
the bridge are 
determined 
by the desired 
sensitivity. • 


Topn1 
•• 
'-' 
DOC 1 . 
DOC' 
., 
Sc.te 'ackN' 8dl_1 
DOC' 
TEST 
•••• 
/ 
Silicon NPN 
REF HI 
1 
II 
1"11 
UPS 3704 Of 


REF LO 
100Kll 
t1m41ar 


C RE' 
=:3=o., ••T 
200IUl 
470Kll 
fr---~ 
C REF 
COMMON 
IN HI 
\nrOIidJUlit 
""--- 
INLO 
.01.1" 


AlZ 
O.33uF 
- 
aUFF 
,- 
- 
OV 
INT 
. 
.;. 


y- 
O, 


}TOOISPl.AV 
C, 
A3 
'""' 


-...:. 
TO lACK PUN! 
" 
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Figure 17: 7126 used as a digital 
centigrade 
thermometer. 


A silicon 
diode-connected 
transistor 
has a 
temperature 
coefficient 
of about 
- 2mVrc. 
Calibration 
is achieved 
by placing the sensing 
transistor 
in ice water and adjusting 
the zeroing 
potentiometer 
for a 000.0 reading. 
The sensor 
should then be placed in boiling 
water 
and the scale-factor 
potentiometer 
adjusted 
for 100.0 reading. 


O$C' 
O$C2 
DOC. 
TEST 


REF HI 
REFLO 
CREF 
CREF 
COMMON 
INHI 
INLO 
All 
BUFF 


ONT 
y- 


Gz 
C, 


AT 
'" 
IP 


Figure 18: Circuit 
for developing 
Underrange 
and Overrange 
signals from 7126 outputs. 


ooc: 1 
etC. 
ooc: • 
TilT 
fllFNI 
"I"LO 
CII.' 
C •• , 
co","""..... 
""0 
AIZ 
...., 


ONT.-.., 
'"'".., 
p 


0339-20 
Figure 19: AC to DC Converter 
with 7126. Test is used as a common 
mode reference 
level to ensure compatibility 
with most op-amps. 


APPLICATION 
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A018 
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Peter Bradshaw and Skip Osgood. 


A023 
"Low Cost Digital Panel Meter Designs", by David 
Fullagar and Michael Dufort. 


A032 
"Understanding the Auto-Zero and Common Mode 
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A046 
"Building a Battery-Operated Auto Ranging DVM 
with the ICL710S", by Larry Goff. 


A052 
"Tips for Using Single-Chip 3v.-Digit AID Convert- 
ers", by Dan Watson. 


7126 EVALUATION 
KIT 
After purchasing a sample of the 712S, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 


To facilitate evaluation of this unique circuit, Harris is of- 


fering a kit which contains all the necessary components to 
build a 3v.-digit panel meter. With the ICL712SEV/KIT and 
the small number of additional components required, an en- 
gineer or technician can have the system "up and running" 
in about half an hour. The kit contains a circuit board, a 
display (LCD), passive components, and miscellaneous 
hardware. 


• 


I"L/1~O 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Oscillator 
Frequency 


fosc 
= 0.45/RC 


COSC > 50 pF; Rose 
> 50 kfi 


fosc 
typo = 48 kHz 


Oscillator 
Period 


tose 
= 
RC/0.45 


Integration 
Clock 
Frequency 


fCLOCK = fose/4 
Integration 
Period 


tiNT = 
1000 x (4/foscl 


60/50 
Hz Rejection 
Criterion 


tlNT/tso 
Hz or tlNT/tso 
Hz = Integer 


Optimum 
Integration 
Current 


liNT = 
1.01-'A 


Full Scale Analog 
Input 
Yoltage 


YINFS Typically 
= 200 mY or 2.0Y 


Integrate 
Resistor 


YINFS 
RINT=-- 
liNT 
Integrate 
Capacitor 


C 
- 
(tINT)(IINT) 
INT - 
YINT 


Integrator 
Output 
Yoltage 
Swing 


Y 
_ (tINT)(IINT) 
INT - 
CINT 


YINT Maximum 
Swing: 


(Y- 
+ 0.5Y) < YINT < (Y+ 
- 
0.5Y) 


YINT typically 
= 2.0Y 


Display 
Count 


COUNT = 1000 X 
YIN 
YREF 
Conversion 
Cycle 


tcvc 
= tCLOCK x 4000 


!eVC = Iosc 
x 
16,000 


when 
fosc 
= 48 kHz; tcvc 
= 333 ms 


Common 
Mode 
Input 
Yoltage 


(Y- 
+ 1.0Y) < YIN < (Y+ 
- 
0.5Y) 


Auto 
Zero Capacitor 


0.01 I-'F < CAZ < 1.0 I-'F 


Reference 
Capacitor 


0.1 I-'F < CREF < 1.0I-'F 


YCOM 
Biased 
between 
Y + and Y - . 


YCOM '" 
Y+ 
- 
2.8Y 


Regulation 
lost when 
Y+ 
to Y- 
< '" 6.4Y. 


If YCOM is externally 
pulled 
down 
to 


(Y+ 
to Y-)/2, 
the YCOM circuit 
will 


turn 
off. 


Power 
Supply: 
Single 
9Y 


Y+ 
- 
Y- 
= 9Y 


Digital 
supply 
is generated 
internally 


YGND '" 
Y+ 
- 
4.5Y 
Display: 
LCD 


Type: Direct 
drive with digital 


logic 
supply 
amplitude. 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The Harris ICL7129 is a very high-performance 4%-digit 
analog-to-digital converter that directly drives a multiplexed 
liquid crystal display. This single-chip CMOS integrated cir- 
cuit requires only a few passive components and a refer- 
ence to operate. It is ideal for high-resolution hand-held digi- 
tal multimeter applications. 


The performance of the ICL7129 has not been equaled 
before in a single-chip AID converter. The successive inte- 
gration technique used in the ICL7129 results in accuracy 
better than 0.005% of full-scale and resolution down to 
1OfLV/count. 


The ICL7129, drawing only 1mA from a 9V battery, is well 
suited for battery powered instruments. Provision has been 
made for the detection and indication of a "LoW/BAT- 
TERY" condition. Autoranging instruments can be made 
with the ICL7129 which provides overrange and underrange 
outputs and 10:1 range changing input. The ICL7129 in- 
stantly checks for continuity, giving both a visual indication 
and a logic level output which can enable an external audi- 
ble transducer. These features and the high performance of 
the ICL7129 make it an extremely versatile and accurate 
instrument-on-a-chip. 


I 
I 
I 


I 
I 
I 
I 
I 
IL 
...•... 
__ 


RANGE UH 
CONT 


ICL7129 
=.•. 
4% Digit LCD Single-Chip 
~ 
AID 
Converter ~ 


FEATURES 
• ± 19,999 Count AID Converter Accurate to ± 4 Count 
• 10fLV Resolution On 200mV SCale 


• 110dS CMRR 
• Direct LCD Display Drive 
• True Differential 
Input and Reference 
• Low Power Consumption 
• Decimal Point Drive Outputs 
• Overrange and Underrange Outputs 
• Low Battery Detection and Indication 
• 10:1 Range Change Input 


Part 
Temperature 
Package 
Number 
Range 


ICL7129CPL 
O·Cto +70·C 
40-Pin Plastic DIP 


ICL7129RCPL 
O·Cto +70·C 
40-Pin Plastic DIP' 


ICL7129CM44 
O·Cto +70·C 
44-Pin Surface Mount• 


UJW urnRY 
CONTUIUITY 
-1.8.8.8.8 


1~ 
DPz 
DP, 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301663-004 


GI 
ell.•. 
••••g 
ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltages 
(V+ 
to V-I 
15V 
Reference 
Voltage 
(REF HI or REF La) 
V+ 
to V- 


Input Voltage 
(Note 
1) 
(IN HI or IN La) 
V+ 
to V- 


VDISP 
.....................•...... 
DGND 
-0.3V 
to V+ 


Digital 
Input Pins 
1,2,19,20,21,22,27, 
37,38,39,40 
DGND to V+ 


Power 
Dissipation 
(Note 
2) 
Plastic package 
................•............ 
800mW 
Operating 
Temperature 
O·C to + 70·C 
Storage 
Temperature 
-65·C 
to + 150·C 


Lead Temperature 
(Soldering, 
10sec) 
300·C 


Note 1: Input voltages may exceed the supply voltages provided that input current is limited to ± 400p.A. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ± 1mA. 


Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent 
damage to the device. 
These are stress ratings only and functional 


operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 


maximum rating conditions 
for extended periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


v- 
to v+ 
=9V, 
VREF= 1.00V. TA = + 25·C, fCLK= 120kHz, 
unless otherwise 
noted. 


Characteristics 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


Zero Input Reading 
VIN=OV 
-0000 
0000 
+0000 
Counts 
200mVScaie 


Zero Reading 
Drift 
VIN=OV 
±0.5 
p'vrc 
O·C<TA < + 70·C 


Ratiometric 
Reading 
VIN=VREF= 
1000mV 
9996 
9999 
10000 
Counts 
RANGE=2V 


Range Change 
Accuracy 
V'N = 0.1 OOOOVon Low 
0.9999 
1.0000 
1.0001 
Ratio 
Range 
"" 
VIN = 1.0000V 
on High Range 


Rollover 
Error 
-VIN= 
+VIN= 
199mV 
1.5 
3.0 
Counts 
Linearity 
Error 
200mV 
Scale 
1.0 


Input Common-Mode 
VCM= 1.0V, VIN=OV 
110 
dB 
Rejection 
Ratio 
200mV Scale 


Input Common-Mode 
VIN=OV 
(V-)+1.5 
V 
Voltage 
Range 
200mV Scale 
(V+) 
-1.0 


Noise (p-p Value not 
VIN=OV 
14 
p.V 
Exceeding 
95% of Time) 
200mV Scale 


Input Leakage 
Current 
VIN = OV, Pin 32, 33 
1 
10 
pA 


Scale Factor Tempco 
VIN=199mV 
2 
7 
ppmrc 
O·C<TA < + 70·C 


External 
VREF=Oopmrc 


COMMON 
Voltage 
V+ 
to Pin 28 
2.8 
3.2 
3.5 
V 


COMMON 
Sink Current 
LlCommon= 
+0.1V 
0.6 
mA 


COMMON 
Source 
Current 
LlCommon= 
-0.1V 
10 
p.A 


DGND Voltage 
V+ 
to Pin 36 
4.5 
5.3 
5.8 
V 
V+ 
toV-=9V 


DGND Sink Current 
LlDGND= 
+0.5V 
1.2 
mA 


Supply Voltage 
Range 
V+ 
to V- 
(Note 1) 
6 
9 
12 
V 


ELECTRICAL 
CHARACTERISTICS 
v- to V+ =9V, 
VREF= 
1.00V. TA = + 25'C, 
fCLK= 120kHz, 
unless otherwise 
noted. 
(Continued) 


Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


Supply Current 
Excluding 
V+ 
toV-=9V 
1.0 
1.5 
mA 
COMMON 
Current 


Clock Frequency 
(Note 1) 
120 
360 
kHz 


VOISP Resistance 
VOISptoV+ 
50 
kO 


Low Battery 
Flag 
V+ 
toV- 
6.3 
7.2 
7.7 
V 
Activation 
Voltage 


CONTINUITY 
Comparator 
Your Pin 27= 
HI 
100 
200 
mV 
Threshold 
Voltages 
Your Pin 27=LO 
200 
400 


Pull-Down 
Current 
Pins 37,38,39 
2 
10 
/LA 


"Weak 
Output" 
Current 
Pin 20, 21 Sink/Source 
3/3 
/LA 
Sink/Source 
Pin 27 Sink/Source 
3/9 


Pin 22 Source 
Current 
40 
/LA 
Pin 22 Sink Current 
3 


DGND 


RANGE 


OP2 


DPI 


OSC2 


OSCI 


OSC3 


N/C 


N/C 


ANUNCE 
DRIVE 


Bl,Cl,CONT 
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Figure 
2: Pin Configurations 


V+ 


V- 


N/C 


N/C 


LATCH/HOLO 


OP3/UR 


OP'/OR 


VDISP 
BPI 


BP2 


BP3 
• 


+ 


: 
9Y 


Y' 
..i.5pF 


T 


10pF 


Y' 


Pin 
Name 
Function 


1 
OSC1 
Input to first clock 
inverter. 


2 
OSC3 
Output 
of second 
clock inverter. 


3 
ANNUNCIATOR 
Backplane 
squarewave 
output for 


DRIVE 
driving annunciators. 


4 
B1.C1.CONT 
Output to display segments. 


5 
A1.G1.D1 
Output to display 
segments. 


6 
F1' E1.DP1 
Output to display 
segments. 


7 
B2. C2, LO BATT 
Output to display 
segments. 


8 
A2' G2. D2 
Output to display 
segments. 


9 
F2. E2. DP2 
Output to display segments. 


10 
B3. C3, MINUS 
Output to display segments. 


11 
A3. G3, D3 
Output to display segments. 


12 
F3. E3. DP3 
Output to display segments. 


13 
B4. C4• BCs 
Output to display segments. 


14 
A4. D4. G4 
Output to display 
segments. 


15 
F4. E4• DP4 
Output to display 
segments. 


16 
BP3 
Backplane 
#3 output to display. 


17 
BP2 
Backplane 
# 2 output 
to display. 


18 
BP1 
Backplane 
# 1 output to display. 


19 
VOISP 
Negative 
rail for display 
drivers. 


20 
DP4/0R 
INPUT: When HI. turns on most 


significant 
decimal 
point. 


OUTPUT: 
Pulled HI when result 


count exceeds 
± 19,999. 


21 
DP3/UR 
INPUT: Second 
most significant 


decimal 
point on when HI. 


OUTPUT: 
Pulled HI when result 


count is less than ± 1,000. 


22 
LATCH/HOLD 
INPUT: When floating. 
AID 


converter 
operates 
in the free-run 


mode. When pulled HI. the last 


displayed 
reading 
is held. When 


pulled LO. the result counter 


contents 
are shown 
incrementing 


during the de-integrate 
phase of 


cycle. 


OUTPUT: 
Negative 
going edge 


occurs 
when the data latches 
are 


updated. 
Can be used for 


converter 
status signal. 


Pin 
Name 
Function 


23 
V- 
Negative 
power supply terminal. 


24 
V+ 
Positive 
power supply terminal, 
and 


positive 
rail for display 
drivers. 


25 
INTIN 
Input to integrator 
amplifier. 


26 
INTOUT 
Output of integrator 
amplifier. 


27 
CONTINUITY 
INPUT: When 
LO, continuity 
flag on the 


display 
is off. When HI. continuity 
flag is 


on. 


OUTPUT: 
HI when voltage 
between 


inputs is less than 
+ 200mV. 
LO when 


voltage 
between 
inputs is more than 


+200mV. 


28 
COMMON 
Sets common-mode 
voltage 
of 3.2V 


below V + for DE. 1OX. etc. Can be used 


as pre-regulator 
for external 
reference. 


29 
CREF+ 
Positive side of external 
reference 


capacitor. 


30 
CREF- 
Negative 
side of external 
reference 


capacitor. 


31 
BUFFER 
Output of buffer amplifier. 


32 
INLO 
Negative 
input voltage 
terminal. 


33 
INHI 
Positive 
input voltage 
terminal. 


34 
REFHI 
Positive 
reference 
voltage 
input 
terminal. 


35 
REF LO 
Negative 
reference 
voltage 
input 
terminal. 


36 
DGND 
Ground 
reference 
for digital section. 


37 
RANGE 
3JJoApull-down 
for 200mV 
scale. Pulled 


HIGH externally 
for 2V scale. 


38 
DP2 
Internal3,...A 
pull-down. 
When HI. 


decimal 
point 2 will be on. 


39 
DP1 
Internal3,...A 
pull-down. 
When HI. 


decimal 
point 1 will be on. 


40 
OSC2 
Output of first clock 
inverter. 
Input of 


second 
clock inverter. 


• 


••N.•. 
•••Y 
DETAILED 
DESCRIPTION 
Harris' ICL7129 is a uniquely designed single-chip AID 
converter. It features a new "successive integration" tech- 
nique to achieve 10ILV resolution on a 200mV full-scale 
range. To achieve this resolution a 10:1 improvement in 
noise performance over previous monolithic CMOS AID 
converters was accomplished. Previous integrating convert- 
ers used an external capacitor to store an offset correction 
voltage. This technique worked well but greatly increased 
the equivalent noise bandwidth of the converter. The 
ICL7129 removes this source of error (noise) by not using 
an auto-zero capacitor. Offsets are cancelled using digital 
techniques instead. Savings in external parts cost are real- 
ized as well as improved noise performance and elimination 
of a source of electromagnetic and electrostatic pick-up. 


The overall functional diagram of the ICL7129 is shown in 
Figure 1. The heart of this AID converter is the sequence 
counter/decoder which drives the control logic and keeps 


track of the many separate phases required for each con- 
version cycle. The sequence counter is constantly running 
and is a separate counter from the up/down results counter 
which is activated only when the integrator is de-integrating. 
At the end of a conversion the data remaining in the results 
counter is latched, decoded and multiplexed to the liquid 
crystal display. 


The analog section block diagram shown in Figure 4 in- 
cludes all of the analog switches used to configure the volt- 
age sources and amplifiers in the different phases of the 
cycle. The input and reference switching schemes are very 
similar to those in other less accurate integrating AID con- 
verters. There are 5 basic configurations used in the full 
conversion cycle. Figure 5 illustrates a typical waveform on 
the integrator output. INT, INT1, and INT2 all refer to the 
signal integrate phase where the input voltage is applied to 
the integrator amplifier via the buffer amplifier. In this phase, 
the integrator ramps over a fixed period of time in a direc- 
tion opposite to the polarity of the input voltage. 


DEI 
DE-INTEGRATE 
REST 
XIO 
OE2 
REST 
XIO 
0E3 
ZERO-INTEGRATE 


1000Clocks 
2000 
1000Clocks----- 
10,000Clocks 
Clocks 
0340-5 


Figure 5: Integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and 
Residue Voltage 


24 
v· 
I 
3.2VI 
COMMON 
• 


28 


5V 


DEI, 
DE2' 
and 
DE3 are the 
de-integrate 
phases 
where 
the reference 
capacitor 
is switched 
in series with the buffer 
amplifier 
and the integrator 
ramps 
back down to the level it 
started 
from 
before 
integrating. 
However, 
since the de-inte- 
grate 
phase 
can terminate 
only at a clock 
pulse transition, 


there 
is always 
a small overshoot 
of the integrator 
past the 
starting 
point. 
The 
ICL7129 
amplifies 
this overshoot 
by 10 
and 
DE2 begins. 
Similarly 
DE2'S overshoot 
is amplified 
by 
10 and 
DE3 begins. 
At the end of DE3 the results 
counter 
holds 
a number 
with 5% digits 
of resolution. 
This was ob- 
tained 
by feeding 
counts 
into the results 
counter 
at the 3% 
digillevel 
during 
DEI, 
into the 4% digit level during DE2 and 
the 5% digit level for DE3. The effects 
of offset 
in the buffer, 
integrator, 
and comparator 
can now be cancelled 
by repeat- 
ing this 
entire 
sequence 
with 
the 
inputs 
shorted 
and 
sub- 
tracting 
the results 
from the original 
reading. 
For this phase 
INT2 switch 
is closed 
to give the same common-mode 
volt- 
age 
as 
the 
measurement 
cycle. 
This 
assures 
excellent 
CMRR. 
At the 
end 
of the 
cycle 
the 
data 
in the 
up/down 
results 
counter 
is accurate 
to 0.02% 
of full-scale 
and is sent 
to the display 
driver for decoding 
and multiplexing. 


COMMON, DGND, AND "LOW 
BATTERY" 


The 
COMMON 
and 
DGND 
(Digital 
GrouND) 
outputs 
of 
the ICL7129 
are generated 
from 
internal 
zener diodes 
(Fig- 


ure 6). COMMON 
is included 
primarily 
to set the common- 


mode voltage 
for battery 
operation 
or for any system 
where 
the input signals 
float with respect 
to the power 
supplies. 
It 
also 
functions 
as a pre-regulator 
for an ex1ernal 
precision 


reference 
voltage 
source. 
The voltage 
between 
DGND 
and 
V+ 
is the 
supply 
voltage 
for 
the 
logic 
section 
of 
the 
ICL7129 
including 
the display 
multiplexer 
and drivers. 
Both 
COMMON 
and 
DGND 
are capable 
of sinking 
current 
from 
ex1ernal 
loads, 
but caution 
should 
be taken 
to ensure 
that 


these 
outputs 
are not overloaded. 
Figure 
7 shows 
the con- 
nection 
of ex1ernal 
logic circuitry 
to the ICL7129. 
This con- 


nection 
will work 
providing 
that the supply 
current 
require- 
ments 
of the logic do not exceed 
the current 
sink capability 
of the 
DGND 
pin. 
If more 
supply 
current 
is required, 
the 
buffer 
in Figure 8 can be used to keep the loading 
on DGND 
to a minimum. 
COMMON 
can source 
approximately 
12,.,.A 
while 
DGND 
has no source 
capability. 


~ 
turned o~'"'~he~'th~~~~ltag;'b;~~~;'v~ 
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below 
7.2V typically. 
The exact 
point at which 
this occurs 
is 
determined 
by the 6.3V zener 
diode and the threshold 
volt- 
age of the n-channel 
transistor 
connected 
to the V- 
rail in 
Figure 
6. As the 
supply 
voltage 
decreases. 
the 
n-channel 
transistor 
connected 
to the V-rail 
eventually 
turns 
off 
and 
the 
"LOW 
BATTERY" 
input 
to the 
logic 
section 
is pulled 
HIGH, turning 
on the "LOW 
BATTERY" 
annunciator. 


EXTERNALl 
LOGIC 
CURRENT 


./V 
t'VHI~ 


Four pins of the ICL7129 
can be used as either 
inputs 
or 
outputs. 
The 
specific 
pin 
numbers 
and 
functions 
are 
de- 
scribed 
in the Pin Description 
table 
(Table 
1). If the output 
function 
of the 
pin is not desired 
in an application 
it can 
easily 
be overridden 
by connecting 
the 
pin to V+ 
(HI) or 
DGND 
(LO). 
This 
connection 
will 
not 
damage 
the 
device 
because 
the output 
impedance 
of these 
pins is quite high. A 
simplified 
schematic 
of these 
input/output 
pins is shown 
in 
Figure 
9. Since there 
is approximately 
500kn 
in series 
with 
the output 
driver, the pin (when used as an output) 
can only 
drive 
very 
light 
loads 
such 
as 
4000 
series, 
74CXX 
type 
CMOS 
logic, 
or other 
high 
input 
impedance 
devices. 
The 
output 
drive 
capability 
of these 
four pins is limited 
to 3,.,.A. 


nominally, 
and 
the 
input 
switching 
threshold 
is typically 
DGND+2V. 
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OPoIOR PIN 20I 
OP3I\JR PIN 21 
LATCH/HOLD PIN 22 
CONTINUITY PIN 27 
I 
ICL7129 
l- 
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LATCH/HOLD, 
OVER RANGE, 
AND 
UNDERRANGE 
TIMING 


The LATCH/HOLD 
output 
(pin 22) will be pulled 
low dur- 
ing the last 100 clock 
cycles 
of each full conversion 
cycle. 
During 
this time the final data from 
the ICL7129 
counter 
is 
latched 
and transferred 
to the 
display 
decoder 
and 
multi- 
plexer. 
The conversion 
cycle 
and LATCH/HOLD 
timing 
are 
directly 
related 
to the clock 
frequency. 
A full conversion 
cy- 
cle takes 
30,000 
clock 
cycles 
which 
is equivalent 
to 60.000 
oscillator 
cycles. 
OverRange 
(OR pin 20) and UnderRange 
(UR 
pin 
21) 
outputs 
are 
latched 
on 
the 
falling 
edge 
of 
LATCH/HOLD 
and remain 
in that state 
until the end of the 
next 
conversion 
cycle. 
In addition, 
digits 
1 through 
4 are 
blanked 
during overrange. 
All three of these 
pins are "weak 
outputs" 
and can be overridden 
with external 
drivers 
or pull- 
up resistors 
to enable 
their 
input functions 
as described 
in 
the Pin Description 
table. 


INSTANT CONTINUITY 


A comparator 
with 
a built-in 
200mV 
offset 
is connected 
directly 
between 
INPUT 
HI and INPUT 
LO of the 
ICL7129 
(Figure 
10). The CONTINUITY 
output 
(pin 27) will be pulled 
high 
whenever 
the 
voltage 
between 
the 
analog 
inputs 
is 
less than 200mV. 
This will also turn on the "CONTINUITY" 


annunciator 
on the 
display. 
The 
CONTINUITY 
output 
may 
be used to enable 
an external 
alarm or buzzer, 
thereby 
giv- 
ing the 
ICL7129 
an audible 
continuity 
checking 
capability. 
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Since the CONTINUITY 
output 
is one of the four "weak 
out- 
puts" 
of the 
ICL7129, 
the 
"continuity" 
annunciator 
on the 
display 
can be driven 
by an external 
source 
if desired. 
The 
continuity 
function 
can be overridden 
with a pull-down 
resis- 
tor connected 
between 
CONTINUITY 
pin and 
DGND 
(pin 
36). 


DISPLAY CONFIGURATION 


The ICL7129 
is designed 
to drive a triplexed 
liquid crystal 
display. 
This 
type 
of display 
has three 
backplanes 
and 
is 
driven 
in a multiplexed 
format 
similar 
to the 
ICM7231 
dis- 
play driver 
family. 
The 
specific 
display 
format 
is shown 
in 
Figure 
11. 
Notice 
that 
the 
polarity 
sign, 
decimal 
points, 


"LOW 
BATIERY", 
and 
"CONTINUITY". 
annunciators 
are 
directly 
driven by the ICL7129. 
The individual 
segments 
and 
annunciators 
are addressed 
in a manner 
similar to row-col- 
umn addressing. 
Each backplane 
(row) is connected 
to one- 
third of the total number 
of segments. 
BP1 has all F, A, and 
B segments 
of the four least significant 
digits. BP2 has all of 


the C, E, and G segments. 
BP3 has all D segments, 
decimal 
points, 
and annunciators. 
The segment 
lines (columns) 
are 
connected 
in groups 
of three 
bringing 
all segments 
of the 
display 
out on just 12 lines. 


ANNUNCIATOR 
DRIVE 


A special 
display 
driver output 
is provided 
on the ICL7129 
which 
is intended 
to drive various 
kinds of annunciators 
on 
custom 
multiplexed 
liquid crystal 
displays. 
The ANNUNCIA- 
TOR DRIVE output 
(pin 3) is a squarewave 
signal running 
at 
the backplane 
frequency, 
approximately 
100Hz. This signal 
swings from VOISP to V+ 
and is in sync with the three back- 
plane 
outputs 
BP1, BP2, and BP3. Figure 
12 shows 
these 
four outputs 
on the same time and voltage 
scales. 


Any annunciator 
associated 
with 
any of the three 
back- 
planes 
can be turned 
on simply 
by connecting 
it to the AN- 
NUNCIATOR 
DRIVE 
pin. To turn 
an annunciator 
off con- 
nect it to its backplane. 
An example 
of a display 
and annun- 
ciator 
drive scheme 
is shown 
in Figure 
13. 
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DISPLAY TEMPERATURE 
COMPENSATION 


For 
most 
applications 
an adequate 
display 
can 
be ob- 
tained 
by connecting 
VOISP (pin 19) to DGND 
(pin 36). In 
applications 
where 
a wide 
temperature 
range 
is encoun- 
tered. 
the voltage 
drive levels for some triplexed 
liquid crys- 
tal displays 
may need 
to vary with temperature 
in order 
to 
maintain 
good 
display 
contrast 
and 
viewing 
angle. 
The 
amount 
of temperature 
compensation 
will depend 
upon the 
type of liquid crystal 
used. 
Display 
manufacturers 
can sup- 
ply 
the 
temperature 
compensation 
requirements 
for 
their 
displays. 
Figure 
14 shows 
two circuits 
that can be adjusted 
to give 
a temperature 
compensation 
of 
:::::+ 1OmV fOC be- 
tween 
V+ 
and VOISP. The diode between 
DGND and VOISP 
should 
have a low turn-on 
voltage 
to assure that no forward 
current 
is injected 
into the 
chip 
if VOISP is more 
negative 
than DGND. 


COMPONENT 
SELECTION 


There 
are 
only 
three 
passive 
components 
around 
the 
ICL7129 
that need 
special 
consideration 
in selection. 
They 
are the reference 
capacitor, 
integrator 
resistor, 
and integra- 
tor capacitor. 
There is no auto-zero 
capacitor 
like that found 
in earlier 
integrating 
AID 
converter 
designs. 


The integrating 
resistor 
is selected 
to be high enough 
to 
assure 
good 
current 
linearity 
from 
the buffer 
amplifier 
and 
integrator 
and 
low enough 
that 
PC board 
leakage 
is not a 
problem. 
A value 
of 
150kD. 
should 
be optimum 
for 
most 
applications. 
The integrator 
capacitor 
is selected 
to give an 


optimum 
integrator 
swing 
at full-scale. 
A large 
integrator 
swing will reduce 
the effect 
of noise sources 
in the compar- 
ator but will affect 
rollover 
error 
if the swing 
gets too close 
to the positive 
rail (:::::0.7V). This gives an optimum 
swing of 


:::::2.5V at full-scale. 
For a 150kD. integrating 
resistor 
and 2 
conversions 
per second 
the value 
is 0.10!-,F. 
For different 


conversion 
rates, 
the value 
will change 
in inverse 
propor- 
tion. A second 
requirement 
for good 
linearity 
is that the ca- 
pacitor 
have 
low dielectric 
absorption. 
Polypropylene 
caps 
give good performance 
at a reasonable 
price. Finally the foil 


side of the cap should 
be connected 
to the integrator 
output 


to shield 
against 
pick-up. 


The only 
requirement 
for the reference 
cap is that 
it be 


low leakage. 
In order 
to reduce 
the effects 
of stray capaci- 


tance, 
a 1.0!-,F value 
is recommended. 


CLOCK OSCILLATOR 


The ICL7129 
achieves 
its digital 
range 
changing 
by inte- 


grating 
the input signal for 1000 clock 
pulses 
(2,000 
oscilla- 
tor cycles) 
on the 2V scale and 10,000 
clock 
pulses 
on the 
200mV 
scale. 
To achieve 
complete 
rejection 
of 60Hz 
on 
both 
scales, 
an oscillator 
frequency 
of 120kHz 
is required. 


giving two conversions 
per second. 


In low resolution 
applications, 
where 
the converter 
uses 
only 3% digits and 100!-'V resolution. 
an R-C type oscillator 
is adequate. 
In this application 
a C of 51 pF is recommended 
and the resistor 
value 
selected 
from fosc=0.45/RC. 
How- 


ever, 
when 
the 
converter 
is used 
to its full 
potential 
(4% 


digits 
and 
10!-'V 
resolution) 
a crystal 
oscillator 
is recom- 


~V" 
'-"V~II 
n-v 
dilU 
\;rY~lal oscillator 
Circuits are shown 
in 
Figure 
15. 
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POWERING 
THE ICL7129 


The 
ICL7129 
may 
be 
operated 
as 
a battery 
powered 
hand-held 
instrument 
or integrated 
into larger 
systems 
that 
have 
more 
sophisticated 
power 
supplies. 
Figures 
16, 
17, 
and 
18 show 
various 
powering 
modes 
that 
may be used 
with the ICL7129. 


The 
standard 
supply 
connection 
using 
a 9V 
battery 
is 
shown 
in Figure 
3. 


The 
power 
connection 
for systems 
with + 5V and 
- 5V 
supplies 
available 
is shown 
in Figure 
16. Notice 
that 
mea- 
surements 
are with 
respect 
to ground. 
COMMON 
is also 
tied to INLO 
to remGve 
any common-mode 
voltage 
swing 
on the integrator 
amplifier 
inputs. 


It is important 
to notice 
that in Figure 
16, digital ground 
of 
the 
ICL7129 
(DGND 
pin 36) is not 
directly 
connected 
to 
power 
supply 
ground. 
DGND 
is set 
internally 
to 
approxi- 
mately 
5V less than the V+ 
terminal 
and is not intended 
to 
be used as a power 
input pin. It may be used as the ground 
reference 
for external 
logic, as shown 
in Figure 
7 and 8. In 
Figure 7, DGND is used as the negative 
supply rail for exter- 


nal logic 
provided 
that 
the 
supply 
current 
for the 
external 
logic 
does 
not 
cause 
excessive 
loading 
on 
DGND. 
The 
DGND 
output 
can be buffered 
as shown 
in Figure 
8. Here, 
the logic supply 
current 
is shunted 
away from 
the ICL7129 
keeping 
the 
load 
on 
DGND 
low. 
This 
treatment 
of 
the 
DGND 
output 
is necessary 
to insure 
compatibility 
when 
the 
external 
logic is used to interface 
directly 
with the logic in- 
puts and outputs 
of the ICL7129. 
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Figure 16: Powering 
the ICL7129 from + 5V and 
- 5V Power Supplies 


'. When 
a battery 
voltage 
between 
3.8V and 7V is desired 
for operation, 
a voltage 
doubling 
circuit 
should 
be used to 
bring 
the 
voltage 
on the 
ICL7129 
up to a level 
within 
the 
power 
supply 
voltage 
range. 
This operating 
mode 
is shown 
in Figure 
17. 


Figure 17: Powering 
the ICL7129 
from a 3.8V to 6V Battery 


Again measurements 
are made with respect 
to COMMON 
since 
the entire 
system 
is floating. 
Voltage 
doubling 
is ac- 
complished 
by using 
an ICL7660 
CMOS 
voltage 
converter 
and two inexpensive 
electrolytic 
capacitors. 
The same prin- 
ciple applies 
in Figure 
18 where 
the ICL7129 
is being used 
in a system 
with 
only 
a single 
+ 5V power 
supply. 
Here 
measurements 
are 
made 
with 
respect 
to 
power 
supply 
ground. 


A single 
polarity 
power 
supply 
can be used to power 
the 
ICL7129 
in applications 
where 
battery 
operation 
is not ap- 
propriate 
or convenient 
only if the power 
supply 
is Isolated 
from system 
ground. 
Measurements 
must be made with re- 
spect 
to COMMON 
or some 
other 
voltage 
within 
its input 
common-mode 
range. 


VOLTAGE 
REFERENCES 


The COMMON 
output 
of the ICL7129 
has a temperature 
coefficient 
of ± 80ppml"C 
typically. 
This voltage 
is only suit- 
able as a reference 
voltage 
for applications 
where 
ambient 
temperature 
variations 
are expected 
to be minimal. 
When 
the 
ICL7129 
is used 
in most 
environments. 
other 
voltage 
references 
should 
be considered. 
The diagram 
in Figures 
3 
and 
18 show 
the 
ICL8069 
1.2V band-gap 
voltage 
source 
used as the reference 
for the ICL7129. 
and the COMMON 
output 
as its pre-regulator. 
The 
reference 
voltage 
for the 
ICL7129 
is set to 1.000V 
for both 2V and 200mV 
full-scale 
operation. 
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ICL7129 
MULTIPLE 
INTEGRATION 
AID 
CONVERTER 
EQUATIONS 


Oscillator 
Frequency 


fosc 
= 0.45/RC 


COSC > 50 pF; Rosc > 50 kfi 


fosc 
typo = 120 kHz 
OR 


fosc 
= 120 kHz Crystal 
(Recommended) 


Oscillator 
Period 


tosc 
= l/fosc 
Integration 
Clock 
Period 


tCLOCK = 2'tosc 
Integration 
Period 


tINT(2V) = 1000'tCLOCK 


tINT(200 mY) = 10,000'tCLOCK 
60/50 
Hz Rejection 
Criterion 


t1NT/t60 Hz or tINT/tSO Hz = Integer 


Optimum 
Integration 
Current 


liNT = 13 JLA 


Full Scale Analog 
Input 
Voltage 


VINFS Typically 
= 200 mV or 2.0V 


Integrate 
Resistor 


RINT = VINFS/IINT 
RINT Typ. 
= 150 kfi 


Integrate 
Capacitor 


C 
- 
(tINT)(IINT) 
INT - 
VINT 


Integrator 
Output 
Voltage 
Swing 


V 
- 
(tINT)(IINT) 
INT - 
CINT 


VINT Maximum 
Swing: 


(V- 
+ 0.5V) < VINT < (V+ 
- 
0.7V) 


(Range = 1) 


(Range = 0) 


Display 
Count 


COUNT 
= 10,000 X 
VIN 
(Range 
= 1) 
(2.0V Range) 
VREF 


VIN X 10 
COUNT = 10,000 x --- 
(Range = 0) 
(200 mV Range) 
VREF 


Minimum 
VREF: 500 mV 


Common 
Mode 
Input 
Voltage 


(V- 
+ 1.0V) < VIN < (V+ 
- 
0.5V) 


Auto 
Zero Capacitor: 
CAZ not used 


Reference 
Capacitor: 
0.1 JLF < CREF < 1.0 JLF 


VCOM 
Biased 
Between 
V+ 
and V-. 


VCOM '" 
V+ 
- 
2.9V 
Regulation 
lost when 
V+ 
to V- 
< '" 6.4V. 


If VCOM Is externally 
pulled 
down 
to 


(V+ 
to V-)/2, 
the VCOM circuit 
will 


turn 
off. 


Power 
Supply: 
Single 
9V 


V+ 
- 
V- 
= 9V 


Digital 
supply 
Is generated 
Internally 


VGND '" 
V+ 
- 
4.5V 
Display: 
Triplexed 
LCD 


Continuity 
Output 
On If 


VINHI to VINLO < 200 mV 
Conversion 
Cycle 
(In Both 
Ranges) 


tCYC = tCLOCK x 
30,000 


DEI 
DE-INTEGRATE REST Xl0 
DE2 
REST 
XIO 
OE3 
ZERO-INTEGRATE 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The Harris 
ICL7136 
is a high performance, 
very low pow- 
er 3'12-digit AID 
converter. 
All the necessary 
active 
devices 
are contained 
on a single 
CMOS 
IC, including 
seven-seg- 
ment 
decoders, 
display 
drivers, 
reference, 
and 
clock. 
The 
7136 
is designed 
to interface 
with 
a liquid 
crystal 
display 
(LCD) and includes 
a backplane 
drive. The supply current 
is 
under 
100J.LA, ideally 
suited 
for 9V battery 
operation. 


The 7136 
brings together 
an unprecedented 
combination 
of high accuracy, 
versatility, 
and true economy. 
High accu- 
racy, like auto-zero 
to less than 
1OJ.LV,zero drift of less than 
1J.LVrC, input bias current 
of 10pA max., and rollover 
error 
of 
less 
than 
one 
count. 
The 
versatility 
of true 
differential 
input 
and 
reference 
is useful 
in all systems, 
but gives 
the 
designer 
an uncommon 
advantage 
when 
measuring 
load 
cells, 
strain gauges 
and other 
bridge-type 
transducers. 
And 
finally 
the true 
economy 
of single 
power 
supply 
operation 
allows 
a high performance 
panel 
meter 
to be built with the 
addition 
of only 7 passive 
components 
and a display. 


The ICL7136 
is an improved 
version 
of the ICL7126, 
elim- 
inating 
the overrange 
hangover 
and hysteresis 
effects, 
and 
should 
be used in its place in all applications. 
It can also be 
used 
as a plug-in 
replacement 
for the 
ICL7106 
in a wide 
variety 
of applications, 
changing 
only 
the 
passive 
compo- 
nents. 


ICL7136 
=:.•. 
3%-Digit 
LCD Low Power ~ 
AID Converter 
~ 


• First-Reading 
Recovery 
From 
Overrange 
Gives 
Immediate 
"OHMS" 
Measurement 


• Guaranteed 
Zero 
Reading 
for 
OV Input 


• True 
Polarity 
at Zero 
for 
Precise 
Null 
Detection 


• 1pA Typical 
Input 
Current 


• True 
Differential 
Input 
and 
Reference 


• Direct 
LCD Display 
Drive 
- 
No External 
Components 
Required 


• Pin Compatible 
With 
The 
ICL7106, 
ICL7126 


• Low 
Noise 
-15J.LVp-p 
Without 
Hysteresis 
or 
Overrange 
Hangover 


• On-Chip 
Clock 
and 
Reference 


• Low 
Power 
Dissipation, 
Guaranteed 
Less 
Than 
1mW - 
Gives 
8,000 
Hours 
Typical 
9V Battery 
Life 


• No Additional 
Active 
Circuits 
Required • 
Part 
Tem perature 
Number 
Range 
Package 


ICL7136CPL 
OoCto 
+700C 
40 Pin Plastic 
DIP 


ICL7136RCPL 
OoC to +700C 
40 Pin Plastic 
DIP 
(Note 1) 


ICL7136CM44 
OOCto +700C 
44 Pin Surface 
Mount 
(Note 2) 


NOTES 
1. "R" 
indicates 
device 
with 
reversed 
leads. 


2. Add "T" to part number 
to specify 
tape and reel 
packaging. 
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Figure 
1: Pin Configurations 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


Supply Voltage 
(V+ 
to V-) 
15V 
Analog 
Input Voltage 
(either input)(Note 
1) 
V+ 
to V- 


Reference 
Input Voltage 
(either 
input) 
V+ 
to V- 


Clock Input 
TESTto 
V+ 


Power 
Dissipation 
(Note 
2) 
Ceramic 
Package 
1000mW 
Plastic Package 
800mW 
Operating 
Temperature 
O·C to + 70·C 
Storage 
Temperature 
-65·C 
to + 150·C 


Lead Temperature 
(Soldering, 
10sec) 
300·C 


NOTES 1: 
Input voltages 
may exceed the supply voltages, 
provided the input current is limited to ± 100",.A. 


2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. 
These are stress rstings only and functional 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


] 


TO 
DIGITAl 
S£CTION 


I 
I 
I 
I 


COIiMOH 
22 


INT 
~lOL_. 
• 
.__ 


v- 


Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Units 


Zero Input Reading 
VIN=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 
Full-Scale 
= 200.0mV 


Ratiometric 
Reading 
VIN=VREF, 
VREF= 
100mV 
999 
999/1000 
1000 
Digital Reading 


Roll-Over 
Error (Difference 
in 
-VIN= 
+VIN 
'" 
200.0mV 
-1 
±0.2 
+1 
Counts 
reading 
for equal positive 
and 
negative 
reading 
near full-scale) 


Linearity 
(Max. deviation 
from 
Full-scale 
= 200mV 
-1 
±0.02 
+1 
Counts 
best straight 
line fit) 
or Full-Scale 
= 2.000V 


Common-Mode 
Rejection 
Ratio 
VCM= 
±1V, 
VIN=OV 
50 
".VIV 
(Note 4) 
Full-Scale 
= 200.0mV 


Noise (Pk-Pk value not exceeded 
VIN=OV, 
Full Scale=200.0mV 
15 
".V 
95% of time) 


Leakage 
Current 
@ Input 
VIN=OV 
1 
10 
pA 


Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


Zero Reading 
Drift 
VIN=OV, 
O'C<TA 
< +70'C 
0.2 
1 
/LV/,C 


Scale Factor Temperature 
VIN= 
199.0mV. 
O'C<TA 
< +70'C 
1 
5 
ppm/'C 


Coefficient 
(Ext. Ref. Oppm/'C) 


Supply Current 
(Does not 
VIN = OV (Note 6) 
70 
100 
/LA 


include 
COMMON 
current) 


Analog 
COMMON 
Voltage 
(With 
250kO 
between 
Common 
and 
2.4 
2.8 
3.2 
V 


respect 
to positive 
supply) 
Positive 
Supply 


Temp. Coeff. of Analog 
COMMON 
250kO 
between 
Common 
and 
150 
ppm/'C 


(With respect 
to positive 
supply) 
Positive 
Supply 


Pk-Pk Segment 
Drive Voltage 
V+ 
toV-=9V 
4 
5 
6 
V 


(Note 5) 


Pk-Pk Backplane 
Drive Voltage 
V+ 
to V- 
=9V 
4 
5 
6 
V 


(Note 5) 


Power Dissipation 
Capacitance 
vs Clock Frequency 
40 
pF • 


NOTES: 3. Unless otherwise 
noted. specifications 
apply at TA = 25°C, fclock= 16kHz and are tested in the circuit of Figure 4. 


4. Refer to "Differential 
Input" discussion. 


5. Backplane 
drive is in phase with segment drive for "off" 
segment, 180- out of phase for "on" 
segment. Frequency is 20 times conversion 
rate. Average 


DC component 
is less than 50mV. 
6. 48kHz oscillator, 
Figure 5, increases 
current by 20JLA (typ). 
7. Extra capacitance 
of CEROIP package changes oscillator 
resistor value to 470kn or 150kO (1 reading/sec 
or 3 readings/see). 
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Figure 
4: 7136 
Clock 
Frequency 
16kHz 
(1 reading/see) 


Figure 5: Clock Frequency 48kHz 
(3 readings/see) 


DETAILED 
DESCRIPTION 
(Analog Section) 


Figure 
2 shows 
the 
Functional 
Diagram 
bf the 
Analog 
Section 
for the ICL7136. 
Each measurement 
cycle 
is divid- 
ed into four phases. 
They 
are 1) auto-zero 
(A-Z), 
2) signal 
integrate 
(INT), 
3) de-integrate 
(DE) and 4) zero 
integrator 
(ZI). 
AUTO-ZERO 
PHASE 


,During 
auto-zero 
three 
things 
happen. 
First, 
input 
high 
and low are disconnected 
from the pins and internally 
short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Third, 
a feedback 
loop is 
closed 
around 
the system 
to charge 
the auto-zero 
capaci- 
tor, 
CAZ, to compensate 
for 
offset 
voltages 
in the 
buffer 
amplifier, 
integrator, 
and comparator. 
Since the comparator 
is included 
in the loop, the A-Z accuracy 
is limited 
only 
by 
the noise 
of the system. 
In any case, 
the offset 
referred 
to 
the input is less than 
lO!-'V. 


SIGNAL 
INTEGRATE 
PHASE 


During 
signal 
integrate, 
the 
auto-zero 
loop 
is opened, 
the 
internal 
short 
is removed, 
and the 
internal 
input 
high and 
low are connected 
to the external 
pins. The converter 
then 


integrates 
the differential 
voltage 
between 
IN HI and IN LO 
for a fixed 
time. 
This 
differential 
voltage 
can 
be within 
a 
wide common-mode 
range; within 
1V of either supply. 
If, on 


the other 
hand, the input signal 
has no return 
with respect 


to the converter 
power 
supply, 
IN LO can be tied to analog 
COMMON 
to establish 
the correct 
common-mode 
voltage. 


At the end of this phase, the polarity 
of the integrated 
signal 


is determined. 
DE·INTEGRATE 
PHASE 


The next phase 
is de-integrate, 
or reference 
integrate. 
In- 
put low is internally 
connected 
to analog 
COMMON 
and in- 
put high is connected 
across 
the preViously 
charged 
refer- 
ence 
capacitor. 
Circuitry 
within 
the 
chip 
ensures 
that 
the 


capacitor 
will 
be 
connected 
with 
the 
correct 
polarity 
to 
cause 
the integrator 
output 
to return 
to zero. The time 
re- 
quired 
for the output 
to return to zero is proportional 
to the 
input 
signal. 
Specifically, 
the 
digital 
reading 
displayed 
is 
1000 (VINIVREF). 
ZERO 
INTEGRATOR 
PHASE 


The final phase is zero integrator. 
First, input low is short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Finally, a feedback 
loop is 
closed 
around 
the system to input high to cause the integra- 
tor output 
to return 
to zero. 
Under 
normal 
conditions, 
this 
phase 
lasts for between 
11 to 140 clock 
pulses, 
but after a 
"heavy" 
overrange 
conversion, 
it is extended 
to 740 clock 
pulses. 
Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common-mode 
range of the input amplifier; 
or specifi- 
cally from 0.5V below the positive 
supply 
to 1.0V above 
the 
negative 
supply. 
In this 
range 
the system 
has a CMRR 
of 
86dB typical. 
However, 
since the integrator 
also swings with 
the common-mode 
voltage, 
care 
must 
be exercised 
to as- 
sure the integrator 
output 
does 
not saturate. 
A worst 
case 
condition 
would 
be a large positive 
common-mode 
voltage 
with a near full-scale 
negative 
differential 
input voltage. 
The 
negative 
input 
signal 
drives 
the 
integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
com- 
mon-mode 
voltage. 
For these 
critical 
applications 
the inte- 
grator swing can be reduced 
to less than the recommended 
2V full-scale 
swing 
with little loss of accuracy. 
The integra- 
tor output 
can 
swing 
within 
0.3V 
of either 
supply 
without 
loss of linearity. 
Differential Reference 


The reference 
voltage 
can be generated 
anywhere 
within 
the power supply voltage 
of·the 
converter. 
The main source 
of common-mode 
error is a roll-over 
voltage 
caused 
by the 
reference 
capacitance 
losing or gaining 
charge 
to stray ca- 
pacity 
on its nodes. 
If there 
is a large common-mode 
volt- 
age, the reference 
capacitor 
can gain charge 
(increase 
volt- 
age) 
when 
called 
up to de-integrate 
a positive 
signal 
but 
lose charge 
(decrease 
voltage) 
when 
called 
up to de-inte- 
grate a negative 
input signal. This difference 
in reference 
for 
(+) 
or (-) 
input voltage 
will give a roll-over 
error. However, 


by selecting 
the reference 
capacitor 
large 
enough 
in com- 
parison 
to the stray capacitance, 
this error 
can be held to 
less than 0.5 count 
for the worst 
case condition 
(see Com- 
ponent 
Values 
Selection). 


Analog Common 


This 
pin is included 
primarily 
to set the 
common-mode 
voltage 
for battery 
operation 
or for any system 
where 
the 
input signals 
are floating 
with respect 
to the power 
supply. 


The COMMON 
pin sets a voltage 
that is approximately 
3.0V 
more 
negative 
than the positive 
supply. 
This is selected 
to 
give 
a minimum 
end-of-life 
battery 
voltage 
of 
about 
6V. 


However, 
analog 
COMMON 
has some of the attributes 
of a 
reference 
voltage. 
When 
the 
total 
supply 
voltage 
is large 
enough 
to cause 
the 
zener 
to regulate 
(> 7V), 
the 
COM- 


MON voltage 
will have a low voltage 
coefficient 
(0.001 %f 
%), low output 
impedance 
(""35!}), 
and a temperature 
co- 
efficient 
typically 
less than 
150ppmrC. 
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Figure 
6: Using 
an External 
Reference 


The 
limitations 
of the 
on-chip 
reference 
should 
also 
be 
recognized, 
however. 
The reference 
temperature 
coefficient 
(TC) can cause 
some degradation 
in performance. 
Temper- 
ature 
changes 
of 2·C to 8·C, 
typical 
for instruments, 
can 
give a scale factor 
error of a count 
or more. Also, the COM- 
MON voltage 
will have a poor voltage 
coefficient 
when 
the 
total 
supply 
voltage 
is less 
than 
that 
which 
will cause 
the 
zener 
to regulate 
«7V). 
These 
problems 
are eliminated 
if 
an external 
reference 
is used, as shown 
in Figure 
6. 


Analog 
COMMON 
is also 
used 
as the 
input 
low 
return 
during 
auto-zero 
and de-integrate. 
If IN LO is different 
from 
analog 
COMMON, 
a common-mode 
voltage 
exists 
in the 
system 
and is taken 
care of by the excellent 
CMRR 
of the 
converter. 
However, 
in some applications 
IN LO will be set 
at a fixed 
known 
voltage 
(power 
supply 
common 
for 
in- 
stance). 
In this application, 
analog 
COMMON 
should 
be tied 
to the same 
point, 
thus 
removing 
the common-mode 
volt- 
age from 
the converter. 
The same 
holds 
true for the refer- 
ence voltage. 
If the reference 
can be conveniently 
referred 
to analog 
COMMON, 
it should 
be since 
this 
removes 
the 


.common-mode 
voltage 
from the reference 
system. 


Within 
the 
IC, analog 
COMMON 
is tied to an N channel 
FET which 
can 
sink 
3mA 
or more 
of current 
to 
hold 
the 
voltage 
3.0V below the positive 
supply (when a load is trying 
to pull 
the 
common 
line 
positive). 
However, 
there 
is only 
1,..A of source 
current, 
so COMMON 
may easily be tied to a 
more 
negative 
voltage, 
thus 
overriding 
the 
internal 
refer- 
ence. 


Figure 
7: Simple 
Inverter 
for 
Fixed 
Decimal 
Point 


TEST 


The TEST 
pin serves 
two functions. 
lt is coupled 
to the 
internally 
generated 
digital 
supply 
through 
a 500n 
resistor. 


Thus, 
it can 
be used 
as the 
negative 
supply 
for 
external 
segment 
drivers 
such 
as for 
decimal 
points 
or any other 
presentation 
the user may want 
to include 
on the LCD dis- 
play. 
Figures 
7 and 8 show 
such 
an application. 
No more 
than a 1mA load should 
be applied. 


The 
second 
function 
is a "lamp 
test." 
When 
TEST 
is 
pUlled high (to V+) 
all segments 
will be turned 
on and the 
display 
should 
read 
- 1888. 
The TEST 
pin will sink about 
10mA under these 
conditions. 


Caution: 
In the 
lamp 
test 
mode, 
the 
segments 
have 
a 
constant 
DC voltage 
(no 
square-wave). 
This 
may 
burn 
the 
LCD display 
if maintained 
for 
extended 
periods. • 
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Figure 
8: Exclusive 
"OR" 
Gate 
for 
Decimal 
Point 
Drive 


DETAILED 
DESCRIPTION 
(Digital Section) 


Figure 
9 shows 
the digital 
section 
for the 7136. 
An inter- 


nal digital ground 
is generated 
from a 6V Zener 
diode and a 


large P channel 
source 
follower. 
This supply 
is made stiff to 


absorb 
the 
relatively 
large 
capacitive 
currents 
when 
the 


backplane 
(BP) voltage 
is switched. 
The 
BP frequency 
is 
the clock 
frequency 
divided 
by 800. For three readings/sec- 


ond this is a 60Hz square-wave 
with a nominal 
amplitude 
of 


5V. The 
segments 
are driven 
at the 
same 
frequency 
and 
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:If 


amplitude 
and are in phase 
with 
BP when 
OFF, 
but out of 
phase 
when 
ON. 
In all cases 
negligible 
DC voltage 
exists 
across 
the 
segments. 
The 
polarity 
indication 
is "ON" 
for 
negative 
analog 
inputs. 
If IN La and IN HI are reversed, 
this 
indication 
can be reversed 
also, if desired. 


System Timing 


Figure 
10 shows 
the clock oscillator 
provided 
in the 7136. 


Three 
basic clocking 
arrangements 
can be used: 


1. 
An external 
oscillator 
connected 
to pin 40. 


2. 
A crystal 
between 
pins 39 and 40. 


3. 
An RC oscillator 
using all three 
pins. 


The oscillator 
frequency 
is divided 
by four before 
it clocks 


the decade 
counters. 
It is then 
further 
divided 
to form 
the 


countS). 
reference 
ae-Integrale 
IU countS 
10 ~UUU countS). 
zero 
integrator 
(11 counts 
to 
140 counts') 
and 
auto-zero 
(910 
counts 
to 
2900 
counts). 
For 
signals 
less 
than 
full- 
scale. auto-zero 
gets the unused 
portion 
of reference 
de-in- 
tegrate 
and 
zero 
integrator. 
This 
makes 
a complete 
mea- 
sure 
cycle 
of 4000 
(16.000 
clock 
pulses) 
independent 
of 
input 
voltage. 
For three 
readings/second, 
an oscillator 
fre- 
quency 
of 48kHz 
would 
be used. 
To achieve 
maximum 
rejection 
of 60Hz pickup, 
the signal 
integrate 
cycle 
should 
be a multiple 
of the 60Hz period. 
Os- 
cillator 
frequencies 
of 60kHz, 
48kHz, 
40kHz, 
33Y,kHz, 
etc. 


should 
be selected. 
For 50Hz 
rejection, 
oscillator 
frequen- 
cies of 66%kHz, 
50kHz, 40kHz, 
etc. would be suitable. 
Note 
that 40kHz 
(2.5 readings/second) 
will reject 
both 50Hz and 
60Hz (also 400Hz 
and 440Hz). 
See also A052. 


COMPONENT 
VALUE SELECTION 


(See also A052) 
Integrating Resistor 
Both the buffer 
amplifier 
and the integrator 
have a class A 
output 
stage 
with 61'-A of quiescent 
current. 
They 
can sup- 
ply - 
11'-A of drive current 
with negligible 
non-linearity. 
The 
integrating 
resistor 
should 
be large enough 
to remain 
in this 
very 
linear 
region 
over 
the 
input 
voltage 
range, 
but small 
enough 
that undue 
leakage 
requirements 
are not placed 
on 
the 
PC board. 
For 2V full-scale, 
1.8M.l1 is near 
optimum, 


and similarly 
180k.l1 for a 200.0mV 
scale. 


Integrating Capacitor 
The integrating 
capacitor 
should 
be selected 
to give the 
maximum 
voltage 
swing that ensures 
tolerance 
build-up 
will 
not saturate 
the integrator 
swing 
(approx. 
0.3V from 
either 
supply). 
When the analog COMMON 
is used as a reference, 
a nominal 
± 2V full-scale 
integrator 
swing 
is fine. For three 
readings/second 
(48kHz 
clock) 
nominal 
values for CINT are 
0.0471'-F, for 1 reading/second 
(16kHz) 
0.15I'-F. 
Of course, 
if different 
oscillator 
frequencies 
are 
used, 
these 
values 
should 
be changed 
in inverse 
proportion 
to 
maintain 
the 
same output 
swing. 


The 
integrating 
capacitor 
should 
have 
low dielectric 
ab- 
sorption 
to prevent 
roll-over 
errors. 
While 
other 
types 
may 
be adequate 
for this 
application, 
polypropylene 
capacitors 
give undetectable 
errors 
at reasonable 
cost. 


Auto-Zero Capacitor 
The size of the auto-zero 
capacitor 
has some 
influence 
on the 
noise 
of the 
system. 
For 200mV 
full-scale 
where 
noise 
is very important. 
a 0.471'-F capacitor 
is recommend- 
ed. The ZI phase 
allows 
a large 
auto-zero 
capacitor 
to be 
used without 
causing 
the hysteresis 
or overrange 
hangover 
problems 
that can occur with the ICL7126 
or ICL7106 
(see 
A032). 
Reference Capacitor 


A O.lI'-F 
capacitor 
gives 
good 
results 
in most 
applica- 
tions. 
However, 
where a large common-mode 
voltage 
exists 
(i.e .• the 
REF 
LO pin 
is not 
at analog 
COMMON) 
and 
a 
200mV 
scale 
is used, 
a larger 
value 
is required 
to prevent 
roll-over 
error. 
Generally. 
1.0I'-F will hold the roll-over 
error 
to 0.5 count 
in this instance. 


For all ranges 
of frequency 
a 50pF 
capacitor 
is recom- 
mended 
and the resistor 
is selected 
from 
the approximate 
equation 
f-0.45/RC. 
For 
48kHz 
clock 
(3 readings/sec- 
ond), 
R = 180k.l1. for 16kHz, 
R = 560k.l1. 


Reference Voltage 


The 
analog 
input 
required 
to generate 
full-scale 
output 
(2000 
counts) 
is VIN = 2VREF. Thus, 
for the 
200.0mV 
and 
2.000V 
scale, 
VREF should 
equal 
100.0mV 
and 1.000V, 
re- 
spectively. 
However, 
in many applications 
where 
the AID 
is 
connected 
to a transducer, 
there 
will exist 
a scale 
factor 
other 
than 
unity 
between 
the 
input 
voltage 
and the digital 


reading. 
For instance, 
in a weighing 
system, 
the 
designer 
might like to have a full-scale 
reading when the voltage 
from 
the transducer 
is 0.682V. 
Instead 
of dividing 
the input down 
to 200.0mV, 
the designer 
should 
use the input 
voltage 
di- 
rectly 
and 
select 
VREF=0.341V. 
A suitable 
value 
for the 


integrating 
resistor 
would be 330k.l1. This makes the system 
slightly 
quieter 
and 
also 
avoids 
the 
necessity 
of a divider 
network 
on the input. Another 
advantage 
of this system 
oc- 
curs 
when 
a digital 
reading 
of zero 
is desired 
for VIN*O. 


Temperature 
and weighing 
systems 
with a variable 
tare are 
• 
examples. 
This offset 
reading 
can be conveniently 
generat- 
ed by connecting 
the voltage 
transducer 
between 
IN HI and 
COMMON 
and the variable 
(or fixed) offset voltage 
between 
COMMON 
and IN LO. 


TYPICAL APPLICATIONS 


The 7136 may be used in a wide variety 
of configurations. 


The circuits 
which follow 
show some of the possibilities, 
and 
serve 
to illustrate 
the 
exceptional 
versatility 
of these 
AID 
converters. 
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Figure 11: 7136 Using the Internal 
Reference 


Values shown are for 200.0mV full-scale, 
3 readings/see, 
floating supply voltage 
(9V battery). 
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Figure 
12: 7136 with an External 
Band-Gap 
Reference 
(1.2V Type) 


IN LO is tied to COMMON, thus establishing 
the 
correct 
common-mode 
voltage. 
COMMON acts 
as a pre-regulator 
for the reference. 
Values 
shown are for 1 reading/sec. 
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Figure 13: Recommended 
Component 
Values for 2.000V Full-Scale, 
3 Readings/See 


For 1 reading/see, 
change CINT, Rose to values 
of Figure 12. 
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Figure 14: 7136 with Zener Diode 
Reference 


Since low TC zeners have breakdown 
voltages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 
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Figure 15: 7136 Operated 
from 
Single + 5V Supply 


An external 
reference 
must be used in this 
application, 
since the voltage 
between 
V + and 
V- 
is insufficient 
for correct 
operation 
of the 
internal 
reference. 
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Figure 16: 7136 Measuring 
Ratiometric 
Values of Quad Load Cell 


The resistor 
values within 
the bridge are determined 
by the desired 
sensitivity. 
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Figure 17: 7136 used as a Digital Centigrade 
Thermometer 


A silicon 
diode-connected 
transistor 
has a temperature 
coefficient 
of about 
- 2mVrc. Calibration 
is 
al:hieved 
by placing 
the sensing 
transistor 
in ice water and adjusting 
the zeroing 
potentiometer 
for a 000.0 
re,ading. The sensor 
should then be placed in boiling 
water and the scale-factor 
potentiometer 
adjusted 
for 
a 100.0 reading. 
See ICL807% and AD590 data sheets for alternative 
circuits. 
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Figure 18: Circuit for Developing 
Underrange and Overrange Signals from 7136 Outputs 
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Figure 19: AC to DC Converter 
with 7136 


Test Is used as a common-mode 
reference level to ensure compatibility 
with most op amps. 
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ICL7136 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Oscillator 
Frequency 
fose = 0.45/RC 
Cose > 50 pF; Rose > 50 kO 
fose typically 
= 48 kHz 
Oscillator 
Period 
tose = RC/0.45 
Integration 
Clock Frequency 


fCLOCK= fose/4 
Integration 
Period 
tiNT = 1000 x (4/fose) 
60/50 Hz Rejection Criterion 
tINT/lt;O Hzor tINT/tSOHz = Integer 
Optimum Integration 
Current 


liNT = 1.0 p.A 
Full Scale Analog Input Yoltage 
YINFStypically 
= 200 mY or 2.0Y 
Integrate Resistor 


R 
- 
YINFS 
INT - 
liNT 


Integrate Capacitor 


C 
- (tINT)(IINT) 
INT - 
YINT 


Integrator 
Output Yoltage Swing 


Y 
_ (tINT)(IINT) 
INT - 
CINT 


YINT Maximum Swing: 
(Y- 
+ 0.5Y) < YINT < (Y+ 
- 
0.5Y) 
YINTtypically 
= 2.0Y 


AUTOZERO 
fiXED 
COUNT= 
1000 


Display Count 


COUNT = 1000 x 
YIN 
YREF 
Conversion 
Cycle 
tevc = teLOCK x 4,000 
tcvc 
= tosc 
x 16,000 
when fose = 48 kHz; tevc = 333 ms 
Common Mode Input Yoltage 
(Y- + 1.0V) < YIN < (y+ 
- 
0.5Y) 
Auto Zero Capacitor 
0.01 p.F < CAZ < 1.0 p.F 
Reference Capacitor 
0.1 p.F < CREF < 1.0 p.F 


YCOM 
Biased between Y + and Y - • 


YCOM '" y+ 
- 
2.8Y 
Regulation lost when y+ 
to Y- 
,;; '" 6.4Y. 
If YCOMis externally pulled down to 
(y+ 
to Y-)/2, 
the YCOMcircuit will 
turn off. 


Power Supply: Single 9Y 
y+ 
- 
Y- 
= 9Y 


Digital supply Is generated internally 
YGND '" y+ 
- 
4.5Y 
Display: LCD 
Type: Direct drive with digital 
logic supply amplitude. 


AUTOZERO 
FIXED COUNT = 
1000 


OEINTEGRATE 
MAXIMUM COUNT = 
2000 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The Harris ICL7137 is a high performance, very low pow- 
er 3%-digit AID converter. All the necessary active devices 
are contained on a single CMOS IC, including seven-seg- 
ment decoders, display drivers, reference, and clock. The 
7137 is designed to interface with a light emitting diode 
(LED) display. The supply current (exclusive of display) is 
under 200,..A, ideally suited for battery operation. 
The 7137 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. The device 
features auto-zero to less than 10,..V,zero drift of less than 
l,..VI'C, input bias current of 10pA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 
designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of the ICL7137 allows a high per- 
formance panel meter to be built with the addition of only 10 
passive components and a display. 


The ICL7137 is an improved version of the ICL7107, elim- 


inating the overrange hangover and hysteresis effects, and 
should be used in its place in all applications, changing only 
the passive component values. 


Part 
Temperature 
Number 
Range 
Package 


ICL7137CPL 
00Cto+700C 
40 Pin Plastic DIP 


ICL7137 ::; 
.•. 
3%- Digit LED Low Power ~ 
Single-Chip 
AID 
Converter 
2 


FEATURES 
• First-Reading Recovery From Overrange allows 
Immediate "OHMS" Measurement 
• Guaranteed Zero Reading for OV Input 
• True Polarity at Zero for Precise Null Detection 
• 1pA Typical Input Current 
• True Differential 
Input and Reference 
• Direct LED Display Drive - 
No External Components 
Required 
• Pin Compatible With The ICL7107 
• Low Noise -1S,..Vp-p 
Without Hysteresis or 
Overrange Hangover 
• On-ehlp Clock and Reference 
• Improved Rejection of Voltage On COMMON Pin 
• No Additional 
Active Circuits Required • 
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Figure 2: Pin 
Configuration 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. 
THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPliED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301669-003 


~ 
•......• 
••.••.• 
II"'\.AIIW.U'W' 
"'" 
II"U~ 


Supply Voltage 
V + 
+ 6V 
V- 
-9V 
Analog 
Input Voltage 
(either input)(Note 
1) 
V+ 
to V- 
Reference 
Input Voltage 
(either input) 
V+ 
to V- 


Clock Input 
GND to V+ 


Power 
Dissipation 
(Note 
2) 
Ceramic 
Package 
............•............. 
1000mW 
Plastic 
Package 
............•..•............. 
800mW 
Operating 
Temperature 
O·C to + 70·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to ± 100lJA· 


Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 


maximum 
rating conditions 
for extended 
penOds may affect 
device reliability. 


Parameter 
Test Conditions 
Mln 
Typ 
Max 
Unit 


Zero Input Reading 
VIN=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 


Full-Scale 
= 200.0mV 


Ratiometric 
Reading 
VIN=VREF, 
VREF= 100mV 
998 
999/1000 
1000 
Digital Reading 


Roll-Over 
Error (Difference 
in 


-VIN= 
+VIN 
'" 
200.0mV 
-1 
±0.2 
+1 
Counts 
reading 
for equal positive 
and 


negative 
reading 
near full-scale) 


Linearity 
(Max. deviation 
from 
Full-scale 
= 200mV 
-1 
±0.02 
+1 
Counts 


best straight 
line fit) 
or Full-Scale 
= 2.000V 


Common-Mode 
Rejection 
Ratio 
VCM= 
±1V, 
VIN=OV 
30 
/LVN 


(Note 4) 
Full-Scale 
= 200.0mV 


Noise (Pk·Pk value not exceeded 
VIN=OV, 
Full-Scale=200.0mV 
15 
/LV 
95% of time) 


Leakage 
Current 
@ Input 
VIN=OV 
1 
10 
pA 


Zero Reading 
Drift 
VIN=OV, 
O·C<TA< 
+70·C 
0.2 
1 
/LVI"C 


Scale Factor 
Temperature 
VIN= 
199.0mV, 
O·C<TA< 
+70·C 
1 
5 
ppml"C 


Coefficient 
(Ext. Ref. Oppml"C) 


V + Supply Current 
(Does not 
VIN = OV (Note 5) 
70 
200 
/LA 
Include 
LED current) 


V - Supply current 
40 


Analog 
COMMON 
Voltage 
(With 
250kO 
between 
Common 
and 
2.4 
2.8 
3.2 
V 


respect 
to positive 
supply) 
Positive Supply 


Temp. 
Coeff. of Analog 
COMMON 
250kO 
between 
Common 
and 
150 
ppml"C 


(With respect 
to positive 
supply) 
Positive Supply 


Segment 
Sinking 
Current 
V+ =5.0V 
5 
8.0 
(Except 
Pins 19 & 20) 
Segment 
Voltage 
= 3V 
mA 
(Pin 19 only) 
10 
16 
(Pin 20 only) 
4 
7 


Power Dissipation 
Capacitance 
vs. Clock Frequency 
40 
pF 


NOTES: 3. Unless otherwise noted, specifications apply at TA= 25°C, fclock= 16kHz and are tested in the circuit of Figure 4. 


4. Refer to "Differential Input" discussion. 
5. 48kHz oscillator, Figure 5, increases current by :3S",A(typ). 
6. Extra capacitance of CEROIP package changes oscillator resistor value to 470kO or 1S0kO (1 reading/see or:3 readings/see). 


G, " I 
c, " 
.,,, 


G, 
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Figure 4: 7137 Clock Frequency 16kHz 
(1 reading/see) 


Figure 5: Clock Frequency 48kHz 
(3 readings/see) 


DETAILED 
DESCRIPTION 
(Analog Section) 


Figure 
1 shows 
the 
Functional 
Diagram 
of 
the 
Analog 
Section 
for the ICL7137. 
Each measurement 
cycle 
is divid- 
ed into four phases. 
They 
are 1) auto-zero 
(A-Z), 
2) signal 
integrate 
(INT), 
3) de-integrate 
(DE) and 4) zero-integrator 
(ZI). 
AUTO-ZERO 
PHASE 


During 
auto-zero 
three 
things 
happen. 
First, 
input 
high 
and low are disconnected 
from the pins and internally 
short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Third, 
a feedback 
loop is 
closed 
around 
the system 
to charge 
the auto-zero 
capaci- 
tor, 
CAZ, to compensate 
for 
offset 
voltages 
in the 
buffer 
amplifier, 
integrator, 
and comparator. 
Since the comparator 
is included 
in the loop, the A-Z accuracy 
is limited 
only 
by 
the noise of the system. 
In any case, 
the offset 
referred 
to 
the input is less than 
101'-V. 
SIGNAL 
INTEGRATE 
PHASE 


During 
signal integrate, 
the auto-zero 
loop is opened, 
the 
internal 
short 
is removed, 
and the 
internal 
input 
high and 
low are connected 
to the external 
pins. The converter 
then 
integrates 
the differential 
voltage 
between 
IN HI and IN La 
for 
a fixed 
time. 
This 
differential 
voltage 
can 
be within 
a 
wide common-mode 
range; within 
1V of either 
supply. 
If, on 
the other 
hand, the input signal 
has no return 
with respect 
to the converter 
power 
supply, 
IN La can be tied to analog 
COMMON 
to establish 
the correct 
common-mode 
voltage. 


At the end of this phase, the polarity 
of the integrated 
signal 
is determined. 


• 


DE-INTEGRATE 
PHASE 


The next phase 
is de-integrate, 
or reference 
integrate. 
In- 
put low is internally 
connected 
to analog 
COMMON 
and in- 
put high is connected 
across 
the previously 
charged 
refer- 
ence 
capacitor. 
Circuitry 
within 
the 
chip 
ensures 
that 
the 
capacitor 
will 
be 
connected 
with 
the 
correct 
polarity 
to 
cause 
the integrator 
output 
to return 
to zero. 
The time 
re- 
quired 
for the output 
to return to zero is proportional 
to the 
input 
signal. 
Specifically; 
the 
digital 
reading 
displayed 
is 
1000(VINIVREF). 
ZERO 
INTEGRATOR 
PHASE 


The final phase is zero integrator. 
First, input low is short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Finally, a feedback 
loop is 
closed 
around 
the system 
to input high to cause the integra- 
tor output 
to return 
to zero. 
Under 
normal 
conditions, 
this 
phase 
lasts for between 
11 to 140 clock 
pulses, 
but after a 


"heavy" 
overrange 
conversion, 
it is extended 
to 740 clock 
pulses. 
Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common-mode 
range of the input amplifier; 
or specifi- 
cally from 0.5V below the positive 
supply to 1.0V above the 
negative 
supply. 
In this 
range 
the 
system 
has a CMRR 
of 
gOdS typical. 
However, 
since the integrator 
also swings with 
the common-mode 
voltage, 
care 
must be exercised 
to as- 
sure the integrator 
output 
does 
not saturate. 
A worst 
case 
condition 
would 
be a large positive 
common-mode 
voltage 
with a near full-scale 
negative 
differential 
input voltage. 
The 
negative 
input 
signal 
drives 
the 
integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
com- 
mon-mode 
voltage. 
For these 
critical 
applications 
the inte- 
grator 
swing can be reduced 
to less than the recommended 
2V full-scale 
swing 
with little loss of accuracy. 
The integra- 
tor 
output 
can 
swing 
within 
0.3V 
of either 
supply 
without 
loss of linearity. 
Differential Reference 


The reference 
voltage 
can be generated 
anywhere 
within 
the power supply voltage 
of the converter. 
The main source 
of common-mode 
error is a roll-over 
voltage 
caused 
by the 
reference 
capacitance 
losing 
or gaining 
charge 
to stray ca- 
pacity 
on its nodes. 
If there 
is a large common-mode 
volt- 
age, the reference 
capacitor 
can gain charge 
(increase 
volt- 
age) 
when 
called 
up to de-integrate 
a positive 
signal 
but 
lose charge 
(decrease 
voltage) 
when 
called 
up to de-inte- 
grate a negative 
input signal. This difference 
in reference 
for 
(+) 
or (-) 
input voltage 
will give a roll-over 
error. However, 
by selecting 
the 
reference 
capacitor 
large enough 
in com- 
parison 
to the stray 
capacitance, 
this error 
can be held to 
less than 0.5 count 
for the worst 
case condition 
(see Com- 
ponent 
Value 
Selection). 
Analog Common 


This 
pin is included 
primarily 
to set the 
common-mode 
voltage 
for battery 
operation 
or for any system 
where 
the 
input signals 
are floating 
with respect 
to the power 
supply. 
The COMMON 
pin sets a voltage 
that is approximately 
3.0V 
more 
negative 
than 
the positive 
supply. 
This is selected 
to 
give 
a minimum 
end-of-life 
battery 
voltage 
of 
about 
6V. 


However, 
analog 
COMMON 
has some of the attributes 
of a 
reference 
voltage. 
When 
the 
total 
supply 
voltage 
is large 
enough 
to cause 
the 
zener 
to regulate 
(> 7V), 
the 
COM- 
MON voltage 
will have a low voltage 
coefficient 
(0.001 %/ 
%), low output 
impedance( 
'" 350), 
and a temperature 
coef- 


ficient 
typically 
less than 
150ppm/'C. 


The 
limitations 
of the 
on-chip 
reference 
should 
also 
be 
recognized, 
however. 
The reference 
temperature 
coefficient 
(TC) can cause 
some degradation 
in performance. 
Temper- 
ature 
changes 
of 2'C 
to B'C, 
typical 
for 
instruments, 
can 
give a scale factor 
error of a count or more. Also, the COM- 


MON voltage 
will have a poor voltage 
coefficient 
when 
the 
total 
supply 
voltage 
is less than 
that 
which 
will cause 
the 
zener 
to regulate 
«7V). 
These 
problems 
are eliminated 
if 
an external 
reference 
is used, as shown 
in Figure 
6. 


REF LO 


CO •••• ON 


Analog 
COMMON 
is also 
used 
as the 
input 
low 
return 
during auto-zero 
and de-integrate. 
If IN LO is different 
from 
analog 
COMMON, 
a common-mode 
voltage 
exists 
in the 
system 
and is taken 
care of by the excellent 
CMRR 
of the 
converter. 
However, 
in some 
applications 
IN LO will be set 
at a fixed 
known 
voltage 
(power 
supply 
common 
for 
in- 
stance). 
In this application, 
analog 
COMMON 
should 
be tied 
to the same 
point, 
thus 
removing 
the common-mode 
volt- 
age from 
the converter. 
The same 
holds 
true for the refer- 
ence voltage. 
If the reference 
can be conveniently 
referred 
to analog 
COMMON, 
it should 
be since 
this 
removes 
the 
common-mode 
voltage 
from the reference 
system. 


Within 
the 
IC, analog 
COMMON 
is tied to an N channel 
FET which 
can sink 
100",A 
or more 
of current 
to hold the 
voltage 
3.0V below the positive 
supply (when a load i~ trying 
to pull 
the 
common 
line 
positive). 
However, 
there 
IS only 
1",A of source 
current, 
so COMMON 
may easily be tied to a 
more 
negative 
voltage, 
thus 
overriding 
the 
internal 
refer- 
ence. 


TEST 


The 
TEST 
pin 
is coupled 
to 
the 
internal 
digital 
supply 
through 
a 5000. 
resistor, 
and functions 
as a "lamp 
test." 


When 
TEST 
is pUlled 
high 
(to V+) 
all segments 
will 
be 
turned 
on and the display 
should 
read - 
1BBB. The TEST 
pin will sink about 
10mA under these 
conditions. 


--------..., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
l' 
v- 
E 


7 


1 


TEST 


500 It 
I 


I 
I 
~ 
DIGITAL 
I·! 
GROUND 
~------- t3!----- --------- --- ---- ----- ---' 


osc 31 


~ 


·Three inverters. 
One inverter shown for clarity. 


DETAILED 
DESCRIPTION 
(Digital Section) 


Figure 
7 shows 
the digital 
section 
for the 7137. The seg- 
ments 
are driven 
at BmA, suitable 
for instrument 
size com- 
mon 
anode 
LED displays. 
Since 
the 
1000 
output 
(pin 
19) 
must sink current 
from two 
LED segments, 
it has twice 
the 
drive capability 
or 16mA. The polarity 
indication 
is "ON" 
for 
negative 
analog 
inputs. 
If IN LO and IN HI are reversed, 
this 
indication 
can be reversed 
also, if desired. 


Figure 
B shows 
a method 
of increasing 
the output 
drive 
current, 
using four DM7407 
Hex Buffers. 
Each buffer 
is ca- 
pable of sinking 
40mA. 


" 
SEG'i:~NTS: 
I 


Figure 8: Display Buffering for 
Increased Drive Current 


• 


Figure 
9 shows 
the clock 
oscillator 
provided 
in the 7137. 


Three 
basic clocking 
arrangements 
can be used: 


1. 
An external 
oscillator 
connected 
to pin 40. 


2. 
A crystal 
between 
pins 39 and 40. 


3. 
An RC oscillator 
using all three 
pins. 


'---~IT~~TO~~------------~ 


I 
CLOCK 
I 
I 
I 
I 
39- - - - 
38- - - - - - - - • 
1. EXTERNAL SIGNAL 


GND 
'---~~N~TO~~------------~ 


• 
CLOCK 
• 
•I 
• 
39- - - - 
38- - - - - - - - • 
2. CRYSTAL OSCILLATOR 
40- - -- 
o 
'---~IT~~TO~~------------~ 


I 
CLOCK 
I 
I 
I 
• 
4~--- 
~-------_. 


The oscillator 
frequency 
is divided 
by four before 
it clocks 
the decade 
counters. 
It is then 
further 
divided 
to form 
the 
four convert-cycle 
phases. 
These 
are signal integrate 
(1000 
counts), 
reference 
de-integrate 
(0 counts 
to 2000 
counts), 
zero 
integrator 
(11 counts 
to 
140 counts') 
and 
auto-zero 
(910 
counts 
to 
2900 
counts). 
For 
signals 
less 
than 
full- 
scale, auto-zero 
gets the unused 
portion 
of reference 
de-in- 
tegrate 
and 
zero 
integrator. 
This 
makes 
a complete 
mea- 
sure 
cycle 
of 4000 
(16,000 
clock 
pulses) 
independent 
of 


input voltage. 
For three 
readings/second, 
an oscillator 
fre- 
quency 
of 48kHz 
would 
be used. 


To achieve 
maximum 
rejection 
of 60Hz pickup, 
the signal 
integrate 
cycle 
should 
be a multiple 
of the 60Hz period. 
Os- 
cillator 
frequencies 
of 60kHz, 
48kHz, 
40kHz, 
33%kHz, 
etc. 


should 
be selected. 
For 50Hz 
rejection, 
oscillator 
frequen- 
cies of 662j,kHz, 
50kHz, 
40kHz, 
etc. would be suitable. 
Note 


that 40kHz 
(2.5 readings/second) 
will reject 
both 50Hz and 
60Hz 
(also 400Hz 
and 440Hz.) 
See also A052. 


.•.•v .••rv',""" 
I 
Y"'L.U~ 
;:)~L.~" I IV"" 


(See Application 
Note A052) 
Integrating Resistor 


Both the buffer amplifier 
and the integrator 
have a class A 
output 
stage 
with 
6JLA of quiescent 
current. 
They 
can sup- 


ply - 
1JLA of drive current 
with negligible 
non-linearity. 
The 
integrating 
resistor 
should 
be large enough 
to remain 
in this 
very 
linear 
region 
over 
the 
input 
voltage 
range, 
but small 
enough 
that undue leakage 
requirements 
are not placed 
on 
the 
PC board. 
For 2V full-scale, 
1.8MO 
is near 
optimum, 
and similarly 
180kO 
for a 200.0mV 
scale. 
Integrating Capacitor 


The integrating 
capacitor 
should 
be selected 
to give the 
maximum 
voltage 
swing that ensures 
tolerance 
bUild-up will 
not saturate 
the integrator 
swing 
(approx. 
0.3V from 
either 
supply). 
When the analog 
COMMON 
is used as a reference, 
a nominal 
± 2V full-scale 
integrator 
swing 
is fine. For three 
readings/second 
(48kHz 
clock) 
nominal 
values 
for CINT are 
0.047JLF, for 1 reading/second 
(16kHz) 
0.15JLF. Of course, 
if different 
oscillator 
frequencies 
are 
used, 
these 
values 
should 
be changed 
in inverse 
proportion 
to 
maintain 
the 
same output 
swing. 


The 
integrating 
capacitor 
should 
have 
low dielectric 
ab- 


sorption 
to prevent 
roll-over 
errors. 
While 
other 
types 
may 
be adequate 
for this 
application, 
polypropylene 
capacitors 
give undetectable 
errors 
at reasonable 
cost. 


Auto-Zero Capacitor 


The 
size of the auto-zero 
capacitor 
has some 
influence 
on the 
noise 
of the 
system. 
For 200mV 
full-scale 
where 
noise 
is very important, 
a 0.47 JLF capacitor 
is recommend- 
ed. The ZI phase 
allows 
a large auto-zero 
capacitor 
to be 
used without 
causing 
the hysteresis 
or overrange 
hangover 
problems 
that can occur with the ICL7107 
or ICL7117 
(See 
Application 
Note A032). 


Reference Capacitor 


A 0.1 JLF capacitor 
gives 
good 
results 
in most 
applica- 


tions. 
However, 
where a large common-mode 
voltage 
exists 
(i.e., the 
REF 
LO pin 
is not 
at analog 
COMMON) 
and 
a 
200mV 
scale 
is used, a larger 
value 
is required 
to prevent 
roll-over 
error. 
Generally, 
1.0JLF will hold the roll-over 
error 
to 0.5 count 
in this instance. 


Oscillator Components 


For all ranges 
of frequency 
a 50pF 
capacitor 
is recom- 
mended 
and the resistor 
is selected 
from 
the approximate 
equation 
f "" 
0.45/RC. 
For 48kHz 
clock 
(3 readings/sec- 
ond), 
R=180kO, 
while 
for 
16kHz 
(1 
reading/sec), 


R=560kO. 
Reference Voltage 


The 
analog 
input 
required 
to generate 
full-scale 
output 
(2000 
counts) 
is: VIN = 2VREF. Thus, 
for the 200.0mV 
and 
2,OOOV scale, 
VREF should 
equal100.0mV 
and 1.000V, 
re- 
spectively. 
However, 
in many applications 
where 
the AID 
is 
connected 
to a transducer, 
there 
will 
exist 
a scale 
factor 
other 
than 
unity 
between 
the input 
voltage 
and the digital 
reading. 
For instance, 
in a weighing 
system, 
the 
designer 
might like to have a full-scale 
reading when the voltage 
from 
the transducer 
is 0.682V. 
Instead 
of dividing 
the input down 


to 200.0mV, 
the 
designer 
should 
use the input 
voltage 
di- 


rectly 
and 
select 
VREF=O.341V. 
A suitable 
value 
for 
the 
integrating 
resistor 
would 
be 330kfi. 
This makes the system 
slightly 
quieter 
and 
also 
avoids 
the 
necessity 
of a divider 
network 
on the input. Another 
advantage 
of this system 
oc- 
curs 
when 
a digital 
reading 
of zero 
is desired 
for VIN"""O. 


Temperature 
and weighing 
systems 
with a variable 
tare are 
examples. 
This offset 
reading 
can be conveniently 
generat- 
ed by connecting 
the voltage 
transducer 
between 
IN HI and 


•• 
To pin 1 
OSC, 
••••• 
osc. 
OSC. 
set 
v •••• '" lOO.OnIY 


TEST 
••••• 
/ 
REF HI 


REF LO 
+5V 
C REF 
0.1.,F 
•••• 
22lIIdl 
e REF 
COMMON 
'Mil 


INMI 
0.01"F 
'H 
INLO 


A·Z 
G.47"F 


BU'F 
1101dl 


'HT 
O.047IJF 
y- 
-5V 
G, 


}TO 
DISPLAY 
e, 
A, 
G, 


GHD 
OV 
., 


Figure 10: 7137 Using the Internal 
Reference. 


Values shown are10r 
200.0mV full-scale, 
3 
readings/sec. 
IN LO may be tied to either 
COMMON for inputs floating 
with respect 
to 
supplies, 
or GND for single ended inputs. (See 
discussion 
under Analog COMMON.) 


•• 
To pin 1 
OSC, 
••••• 
OSC2 
OSC 
• 
set y,., 
lOO.GmY 


TEST 
••••• 
2OI<Il . 
REF 
HI 
2OllOll 
mn 


REF LO 
v+ 


C REF 
C REF 
CO•••• 
ON 
INHI 
O.ol .•F 
'H 
INLO 


A·Z 
0.47 .•' 


BUFF 
''''0 


'HT 
C.1S ••' 
y. 
y. 


G, 


}TO 
D,SPLAY 
e, 
A, 
G, 


GHD 
·~ov 
,. 
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Figure 11: 7137 with an External 
Band-Gap 
Reference 
(1.2V Type). 


IN LO is tied to COMMON, thus establishing 
the 
correct 
common-mode 
voltage. 
COMMON acts 
as a pre-regulator 
for the reference. 
Values 
shown are for 1 reading/sec. 


COMMON 
and the variable 
(or fixed) offset 
voltage 
between 


COMMON 
and IN La. 


TYPICAL 
APPLICATIONS 


The 7137 may be used in a wide variety 
of configurations. 


The circuits 
which follow 
show some of the possibilities, 
and 
serve 
to illustrate 
the 
exceptional 
versatility 
of these 
AID 
converters. 


To pin 1 
•• 
'-' 
ole 1 
••••• 
osc2 
set 
yNt 
'" 1.000V 
OSC 
• 


TEST 
••••• 


/. 
REF HI 
.f 
REF LO 
C REF 
:=:5=0.,.., 


250Idl 
2401<0 


C REF 
CO•••• 
ON 
'Mil 


IHHI 
=0001 .••F 
I 
INLO 
A·Z 
0.47,11' 


BUFF 
1.'Mll 


'HT 
O.047~' 
Y· 


G, 


}TO 
D'SPLAY 
e, 
A, 
G, 


GHD 
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Figure 12: Recommended 
Component 
Values for 
2.000V Full-Scale, 
3 Readings/Sec. 


For 1 reading/sec, 
change CINT, Rose to values 
of Figure 11. 


OSCt 


OSC. 
OSC 
• 
THT 
R., ••• 
_Lo 
eM' 
eM' 
cOMMON 
IN'" 
INLo 
A-Z 
•••• 
'NT 
V- 
0, 
e, 
'" 
Go 


OND 
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Figure 13: 7137 with Zener Diode Reference. 


Since low TC zeners have breakdown 
voltages 


- 
6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 11, IN LO 
may be tied to COMMON. 


• 


TO'-1•• 
'-' 
Ole' 
0Ie2 
. 


Ole' 
let VNt' '" 1DO.OfIlV 


TUT 
~ 
/ 
RIFMI 
I 
REFlO 
DO _ ••,•••••! m:,.V- 
~ 
C REF 
=:3=0." 
CREF 
O"'JUY 
tIC..- 


CO •••• ON 
1Mll 
IN HI 
IN LO 
1l.01"F 


A-Z 
•.•7 


•••••• 
1 
lUFF 
'.'[ 
INT 
. 
Y- 
G, 


}O~UUY 
C, 
A3 
G, 
QND 


To'-1•• 
Ole' 
Ole 
2 
Ole 
2 
TEIT - 
REF HI 
.... 
REFlO 
CREF 
CREF 
COMMON 
IN HI 
IN 
INlO,.. 
0047,.F 


IU'F 
"ON • 


INT 
y- 
o, 


}TODIUUY 
C, 
A3 
'" 
OV 
QND 
2' 


Figure 14: 7137 Operated from 
Single + 5Y Supply. 


An external reference 
must be used In this 
application, 
since the voltage between Y+ and 
Y- 
is insufficient 
for correct operation 
of the 
internal referencel 


0344-16 
Figure 15: Measuring Ratiometrlc 
Yalues of 
Quad Load Cell. 


The resistor values within the bridge are 
determined 
by the desired sensitivity. 


Figure 16: Circuit for developing 
Underrange and 
Overrange signals from outputs. 


The LM339 Is required to ensure logic compatibility 
with heavy display loading. 


Ole' 
Ole. 
Ole • 
TEST 
REF HI 
AEFLO 
CREf 
C REF 
COll_ 


IN HI 
INLO 


A·Z 
••••• 
'NT 
y- 
o, 


C,., 


co, 


DND 


APPLICATION 
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A016 


A017 


A018 


"Selecting 
AID 
converters," 
by David 
Fullagar. 


"The 
Integrating 
AID 
Converter," 
by Lee Evans. 


"Do's 
and Dont's 
of Applying 
AID 
Converters," 
by 
Peter 
Bradshaw 
and Skip Osgood. 


"Low 
Cost 
Digital 
Panel 
Meter 
Designs," 
by David 
Fullagar 
and Michael 
Dufort. 


"Understanding 
the Auto-Zero 
and Common-Mode 
Behavior 
of 
the 
ICL7106/7/9 
Family," 
by 
Peter 
Bradshaw. 


"Building 
a Battery-Operated 
Auto 
Ranging 
DVM 
with the ICL7106," 
by Larry Goff. 


"Games 
People 
Play with 
Harris' 
AID 
Converters" 
edited 
by Peter 
Bradshaw. 


"Tips 
for Using 
Single-Chip 
3%-Digit 
AID 
Convert- 
ers," 
by Dan Watson. 


• 


Oscillator Frequency 
fose = 0.45/RC 
Cose > 50 pF; Rose > 50 kfi 
fose typo = 48 kHz 
Oscillator Period 
lose = RC/0.45 
Integration Clock Frequency 


feLOCK= fose/4 
Integration Period 
tiNT = 1000 X (4/fose) 
60/50 Hz Rejection Criterion 
tiNT/tsOHzor tiNT/tsOHz = Integer 
Optimum Integration Current 
liNT = 1.01-'A 
Full Scale Analog Input Voltage 
VINFStypically = 200 mV or 2.0V 
Integrate Resistor 


R 
- VINFS 
INT- 
liNT 


Integrate Capacitor 


C 
- (tINT)(IINT) 
INT- 
VINT 


Integrator Output Voltage Swing 


V 
(tINT)(IINT) 
INT= 
CINT 


VINTMaximum SWing: 
(V- 
+ 0.5V) < VINT < (V+ - 0.5V) 
VINTtypically = 2.0V 


Display Count 


COUNT = 1000 X VIN 
VREF 
Conversion Cycle 
teYe = teLOCKx 4000 
teye = tose x 16,000 
when fose = 48 kHz, teye = 333 ms 
Common Mode Input Voltage 
(V- 
+ 1.0V) < VIN < (V+ - 0.5V) 
Auto Zero Capacitor 
0.01 I-'F < CAZ < 1.0 I-'F 
Reference Capacitor 
0.1 I-'F < CREF< 1.0 I-'F 


VeOM 
Biased between V+ and V- 


VeoM "" V+ - 
2.8V 
Regulation lost when V+ to V- 
< "" 6.4V. 
If VeoM Is externally pulled down to 
(V+ to V-)/2, 
the VeoM circuit will 
turn off. 


Power Supply: Dual ± 5.0V 
V+ = +5.0V to GND 
V- 
= -5.0V to GND 
Digital Logic and LED driver supply V+ to GND 
Display: LED 
Type: Non-Multiplexed Common Anode 


DE INTEGRATE 
(COUNT) 
0-1999 


GENERAL 
DESCRIPTION 
The Harris ICL7139 is a high performance, low power, 


auto-ranging digital multimeter IC. Unlike other autoranging 
multimeter ICs, the ICL7139 always displays the result of a 
conversion on the correct range. There is no "range hunt- 
ing" noticeable in the display. The unit will autorange be- 
tween the four different ranges. A manual switch is used to 
select the 2 high group ranges. DC current ranges are 4 mA 
and 40 mA in the low current group, 400 mA and 4A in the 
high current group. Resistance measurements are made on 
4 ranges, which are divided into two groups. The low resist· 
ance ranges are 4/40 kilohms. High resistance ranges are 
0.4/4 megohms. Resolution on the lowest range is 1 ohm. 


Part 
Temperature 
Number 
Range 
Package 


ICL7139CPL 
OoC10+700C 
40 Pin Plastic DIP 


Autoranging 
Multimeter 
~ 


FEATURES 
.13 
Ranges: 
4 DC Voltage-400 
mY, 4V, 40V, 400V 
1 AC Voltage-400V 
4 DC Current-4 
mA, 40 mA, 400 mA, 4A 
4 Reslstance-4 
Kil, 40 Kil, 400 Kil, 4 Mil 
• Autoranging-First 
Reading is Always on Correct 
Range 
• On-Chip Duplex LCD Display Drive Including Three 
Decimal Points and 11 Annunciators 
• No Additional 
Active Components 
Required 
• Low Power Dissipation-Less 
than 20 mW-1000 
Hour Typical Battery Life 
• Average Responding Converter for Sinewave Inputs 
• Display Hold Input 
• Continuity 
Output Drives Piezoelectric 
Beeper 
• Low Battery Annunciator 
with On-Chip Detection 
• Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 
• 


HARRIS 
SEMICONDUCTOR'S 
SOlE 
AND 
EXCLUSIVE 
WARRANTY 
OBLlGATtoN 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


GI 
C').•. 
~ 
~ 
ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Yoltage 
(Y+ 
to Y-) 
15Y 


Reference 
Input Yoltage 
(YREF to COM) 
3Y 


Analog 
Input Current 
100 /-LA 
(IN + 
Current 
or IN + 
Yoltage) 


Clock 
Input Swing 
Y+ 
to Y+ 
- 
3 


Power Dissipation 
(Plastic 
Package) 
800 mW 


Operating 
Temperature 
Range 
O·C to + 70·C 


Storage 
Temperature 
Range 
- 65·C to + 130·C 


Lead Temperature 
(Soldering, 
10 see) 
300·C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 


and functional operation of the device at these or any other conditions 


above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
fating conditions 
for extended 
peri- 


ods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
Y+ = + 9.0Y, TA = + 25·C, YREF adjusted 
for -3.700 
reading 
on DC 


volts, test circuit as shown 
in Figure 3. Crystal 
= 120 kHz. 


Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Units 


Zero Input Reading 
YIN or IIN or RIN = 0.00 
-00.0 
+00.0 
Y,I,D. 


Linearity 
(Best Straight 
Line) (Note 6) 
(Note 1) 
-1 
+1 
Counts 


Accuracy 
DC Y, 400 Yo It Range Only 
(Note 1) 
±1 
%ofRDG 
± 1 


Accuracy 
DC Y, 400 Yolt Range 
Excluded 
(Note 1) 
±0.30 
%ofRDG 
± 1 


Accuracy 
Ohms, 4K and 400K Range 
(Note 1) 
±0.75 
% ofRDG 
± 8 


A.ccuracy Ohms, 40K and 4 Meg Range 
(Note 1) 


. 


±1 
% ofRDG 
± 9 


Accuracy 
DC I, Unadjusted 
for FS 
(Note 1) 
±0.75 
% ofRDG 
± 1 


Accuracy 
DC I, Adjusted 
for FS 
(Note 1) 
±0.2 
% ofRDG 
+ 1 


Accuracy 
AC Y (Note 5) 
@60Hz 
+2 
% ofRDG 


Open Circuit Yoltage 
for Ohms Measurements 
RUNKNOWN = Infinity 
YREF 
Y 


Noise (Note 2, 95% of Time) 
YIN = 0, DC Yolts 
0.1 
LSB 


Noise (Note 2, 95% of Time) 
YIN = 0, AC Yolts 
4 
LSB 


Supply Current 
YIN = 0, DC Yoltage 
Range 
1.5 
2.4 
mA 


Analog Common 
(with Respect 
to Y +) 
ICOMMON < 10 /-LA 
2.7 
2.9 
3.1 
Y 


emperature 
Coefficient 
of Analog 
Common 
ICOMMON < 10 /-LA.Temp = 0-70·C 
-100 
ppm/"C 


Output 
Impedance 
of Analog 
Common 
ICOMMON < 100 /-LA 
1 
10 
D. 


Backplane/Segment 
Drive Yoltage 
Average 
DC < 50 mY 
2.8 
3.0 
3.2 
Y 


Backplane/Segment 
Display 
Frequency 
75 
Hz 


Switch 
Input Current 
(Note 3) 
YIN = Y+ 
toY- 
-50 
+50 
/-LA 


Switch 
Input Levels (High Trip Point) 
Y+ 
- 
0.5 
Y+ 
Y 


Switch 
Input Levels (Mid Trip Point) 
Y- 
+ 3 
Y+ 
- 
2.5 
Y 


Switch 
Input Levels (Low Trip Point) 
Y- 
Y- 
+ 0.5 
Y 


Beeper 
Output 
Drive (Rise or Fall Time) 
CLOAD = 10 nF 
25 
100 
/-Ls 


Beeper 
Output 
Frequency 
2 
kHz 


Continuity 
Detect 
Range = Low Ohms, YREF = 1.00Y 
1.5 
kD. 


Power Supply 
Functional 
Operation 
Y+ 
toY- 
7 
9 
11 
Y 


Low Bat1ery Detect 
(Note 4) 
Y+ 
to Y- 
6.5 
7 
7.5 
Y 


NOTE 1: Accuracy is defined as the worst case deviation from ideal input value including: offset, linearity, and rollover error. 


2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes. 


3: Applies to pins 17-20. 


4: Analog Common falls out of regulation when the Low Battery Detect is asserted. however the ICL7139 will continue to operate correctly with a supply 


voltage above 7 volts and below 11 volts. 


5: For 50 Hz use a 100 kHz crystal. 


6: Guaranteed by design. not tested. 


RDG = Reading 


IB 
I 
I 
I 
I 
-------~ 


EXTERNAL 
RESISTORS 
AND 
CAPACITORS 


INPUTS 
vlo.l"A 


mA 


OEIHTEGRAl[ 
LO BAT 
mAV,.. 
TO 
-3999 
INTEGRATE 
(v/o.) 
DISPLAY 
AC 
known 
loo. 


HID. 
BEEPER 
" 


INTEGRATE 
(I) 


OUTPUT 


V' 


ICL7139 


0.1.0. 


HID./DC 
10 
S2A 
ANALOG 
.. 
lOO/AC 


COt.tt.lOH 
eOFF 


SI. 
17 
19 
S2. 
~V' 
mA/,.. 
HUl,DC 


~N/C 
loo.,AC 
~ 


CON 


N/C~ 


N/C~ 
V'~ 


N/C~ 


V'~ 


N/C~..~..~ 


~V' 


~N/C 


• 


I/O 
Pin Number 
Pin Function 
0 
1 
Segment 
Driver POLl AC 
0 
2 
Backplane 
2 
0 
3 
Backplane 
1 


I 
4 
V+ 


I 
5 
V- 


I 
6 
Reference 
Input 
0 
7 
LoOhms 
0 
8 
Hi Ohms 


I/O 
9 
Deintegrate 


I/O 
10 
Analog 
Common 


I 
11 
Inti 


I 
12 
IntV/Ohms 


I 
13 
Triple Point 


I 
14 
Auto Zero Capacitor 
(CAZ) 


I 
15 
Integrate 
Capacitor 
(CINT) 
0 
16 
Beeper 
Output 


I 
17 
mAlJ-LA 


I 
18 
OhmslV/A 


I 
19 
Hi Ohms DC/Lo 
Ohms AC 


I 
20 
Hold 
0 
21 
Oscillator 
Out 


I 
22 
Oscillator 
In 
0 
23 
Segement 
DRIVER 
k/m 
0 
24 
Segment 
Driver Ohms/ A 
0 
25 
Segment 
Driver M Ohms/ J-LA 
0 
26 
Segment 
Driver Lo BatlV 
0 
27 
Segment 
Driver Bo/Co 
0 
28 
Segment 
Driver Ao/Do 
0 
29 
Segment 
Driver GalEa 


0 
30 
Segment 
Driver Fo/DPI 
0 
31 
Segment 
Driver Bl/Cl 
0 
32 
Segment 
Driver Al/Dl 
0 
33 
Segment 
Driver Gl /El 
0 
34 
Segment 
Driver Fl IDPI 
0 
35 
Segment 
Driver B2/C2 
0 
36 
Segment 
Driver A2/D2 
0 
37 
Segment 
Driver G2/E2 
0 
38 
Segment 
Driver F2/DP3 


0 
39 
Segment 
Driver B3/C3 


0 
40 
Segment 
Driver ADG3/E3 


NOTE: 
For segment 
drivers. segments 
are listed as (segment 
for backplane 


1)/(segment 
for backplane 2). Example: pin 27; segment Bo is on 
backplane 1, segment Co is on backplane 2. 


DETAILED 
DESCRIPTION 


General 


Figure 2 is a simplified 
block diagram 
of the ICL7139. 
The 
digital 
section 
includes 
all control 
logic, 
counters, 
and dis- 
play drivers. 
The digital section 
is powered 
by V+ 
and Digi- 


tal Common, 
which 
is about 
3V below 
V+. 
The oscillator 
is 
also in the digital 
section. 
Normally 
120 kHz for rejection 
of 
60 Hz AC interference 
and 
100 kHz for rejection 
of 50 Hz 
AC, the oscillator 
output 
is divided 
by two to generate 
the 
internal 
master 
clock. 
The analog 
section 
contains 
the inte- 


grator, 
comparator, 
reference 
section, 
analog 
buffers, 
and 
several 
analog 
switches 
which 
are controlled 
by the digital 
logic. The analog 
section 
is powered 
from V+ 
and V-. 


DC VOLTAGE 
MEASUREMENT 
Autozero 


Only those 
portions 
of the analog 
section 
which 
are used 
during 
DC voltage 
measurements 
are shown 
in Figure 5. As 
shown 
in the timing 
diagram 
(Figure 
6), each measurement 
starts 
with an autozero 
(AZ) phase. 
During 
this phase, 
the 
integrator 
and comparator 
are configured 
as unity gain buff- 


ers and 
their 
non-inverting 
inputs 
are connected 
to Com- 


mon. The output 
of the integrator, 
which 
is equal to its off- 
set, is stored 
on CAz-the 
autozero 
capacitor. 
Similarly, 
the 
offset 
of the 
comparator 
in stored 
in CINT. The 
autozero 
cycle 
equals 
1000 clock 
cycles 
which 
is one 60 Hz line cy- 
cle with a 120 kHz oscillator 
or one 50 Hz line cycle 
with a 
100 kHz crystal. 
Range 1 Integrate 


The 
ICL7139 
performs 
a full autorange 
search 
for each 
reading, 
beginning 
with 
range 
1. During 
the 
range 
1 inte- 


grate 
period, 
internal 
switches 
connect 
the INT V/Ohm 
ter- 
minal 
to the Triple 
Point 
(Pin 13). The input 
signal 
is inte- 


grated 
for 10 clock 
cycles, 
which 
are gated 
out over a peri- 
od of 1000 clock 
cycles 
to ensure 
good normal 
mode rejec- 


tion of AC line interference. 
Range 1 Deintegrate 


At the beginning 
of the deintegrate 
cycle, 
the polarity 
of 
the voltage 
on the 
integrator 
capacitor 
(CINT) is checked, 


and either the DEINT+ 
or DEI NT- 
is asserted. 
The integra- 
tor capacitor 
CINT is then discharged 
with a current 
equal to 
VREF/RDEINT. 
The 
comparator 
monitors 
the 
voltage 
on 
CINT. When the voltage 
on CINT is reduced 
to zero (actually 
to 
the 
Vas 
of 
the 
comparator), 
the 
comparator 
output 
switches, 
and the current 
count 
is latched. 
If the CINT volt- 
age zero-crossing 
does not occur 
before 
4000 counts 
have 
elapsed, 
the 
overload 
flag 
is set. 
"OL" 
(overload) 
is then 
displayed 
on the LCD. If the latched 
result 
is between 
360 
and 3999, the count 
is transferred 
to the output 
latches 
and 
is displayed. 
When 
the count 
is less than 
360, 
an under- 
range 
has 
occurred, 
and 
the 
ICL7139 
then 
switches 
to 
range 
2-the 
40V scale. 
Range 2 


The range 2 measurement 
begins 
with an autozero 
cycle 
similar to the one that preceded 
range 
1 integration. 
Range 
2 cycle 
length 
however, 
is one 
AC 
line cycle, 
minus 
360 
clock 
cycles. 
When 
performing 
the range 2 cycle, 
the signal 
is integrated 
for 
100 
clock 
cycles, 
distributed 
throughout 


one line cycle. 
This is done to maintain 
good 
normal 
mode 
rejection. 
Range 2 sensitivity 
is ten times greater 
than range 
1 (100 vs. 10 clock 
cycle 
integration) 
and the full scale volt- 
age 
of range 
2 is 40V. 
The 
range 
2 deintegrate 
cycle 
is 
identical 
to the 
range 
1 deintegrate 
cycle, 
with 
the 
result 
being displayed 
only for readings 
greater 
than 360 counts. 
If 
the reading 
is below 
360 counts, 
the ICL7139 
again asserts 
the internal 
underrange 
signal 
and proceeds 
to range 
3. 
Range 3 


The range 
3 or 4V full scale 
measurement 
is identical 
to 
the 
range 
2 measurement, 
except 
that 
the'input 
signal 
is 
integrated 
during 
the 
full 
1000 
clock 
cycles 
(one 
line fre- 
quency 
cycle). 
The result is displayed 
if the reading 
is great- 
er than 360 counts. 
Underrange 
is asserted, 
and a range 4 
measurement 
is performed 
if the result is below 360 counts. 


Range 4 


This measurement 
is similar to the range 
1, 2 and 3 mea- 


surements, 
except 
that 
the 
integration 
period 
is 
10,000 
clock 
cycles 
(10 line cycles) 
long. The 
result 
of this 
mea- 
. 


VIH 
INTWO 


R1•TY 


-:- 


YREF 


DEIHT + 


-:- 


V+ 


~ 
C').•. 
•... 


surement 
is transferred 
to the output 
latches 
and displayed 
d_ 
even if the reading 
is less than 360. 
Autozero 


After finding 
the first range for which 
the reading 
is above 
360 counts, 
the display 
is updated 
and an autozero 
cycle 
is 
entered. 
The length 
of the autozero 
cycle 
is variable 
which 
results 
in a fixed 
measurement 
period 
of 24,000 
clock 
cy- 
cles (24 line cycles). 
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Figure 6: Timing 
Diagram for DC Voltage 
Measurement 


OCCURRENT 


Figure 
7 shows 
a simplified 
block 
diagram 
of the analog 
section 
of 
the 
ICL7139 
during 
DC current 
measurement. 


The DC current 
measurements 
are very similar 
to DC volt- 
age 
measurements 
except: 
1) The 
input 
voltage 
is devel- 
oped 
by passing 
the 
input 
current 
through 
a 0.1 ohm 
(HI 
current 
ranges), 
or 9.9 ohm 
(LOW 
current 
ranges) 
current 
sensing 
resistor; 
2) Only those ranges with 1000 and 10,000 
clock 
cycles 
of integration 
are used; 3) The RINT I resistor 
is 
1 megohm, 
rather 
than 
the 10 megohm 
value 
used for the 
RINT v resistor. 


By using the lower value integration 
resistor, 
and only the 
2 most sensitive 
ranges, 
the voltage 
drop across 
the current 
sensing 
resistor 
is 40 
mV 
maximum 
on 
the 
4 
mA 
and 
400 
mA ranges; 
400 
mV maximum 
on the 40 mA and 4A 
scales. 
With some 
increase 
in noise, 
these 
"burden" 
volt- 
ages can be reduced 
by lowering 
the value 
of both the cur- 
rent sense 
resistors 
and the 
RINT I resistor 
proportionally. 


The 
DC current 
measurement 
timing 
diagram 
is similar 
to 
the DC voltage 
measurement 
timing 
diagram, 
except 
in the 
DC current 
timing 
diagram, 
the 
first 
and 
second 
integrate 
and deintegrate 
phases 
are skipped. 


AC VOLTAGE 
MEASUREMENT 


. As 
shown 
in Figure 
8, the 
AC 
input 
voltage 
is applied 
directly 
to the ICL7139 
input resistor. 
No separate 
AC to DC 
conversion 
circuitry 
is needed. 
The AC measurement 
cycle 
is begun 
by disconnecting 
the integrator 
capacitor 
and us- 
ing the 
integrator 
as an autozeroed 
comparator 
to detect 
the positive-going 
zero crossing. 
Once 
synchronized 
to the 
AC input, 
the 
autozero 
loop 
is closed 
and 
a normal 
inte- 
grate/deintegrate 
cycle 
begins. 
The ICL7139 
resynchroniz- 
es Itself 
to the 
AC 
input 
prior 
to every 
reading. 
Because 
diode 
04 is in series with the integrator 
capacitor. 
only posi- 
tive current 
from 
the integrator 
flows 
into the integrator 
ca- 
pacitor, 
CINT. Since 
the voltage 
on CINT is proportional 
to 
the half-wave 
rectified 
average 
AC input voltage, 
a conver- 
Sion factor 
must be applied 
to convert 
the reading 
to RMS. 


This c~:>nverslon factor 
is 7T/2-/2 = 1.1107, 
and the system 
clock 
IS mampulated 
to perform 
the RMS conversion. 
As a 
result the deintegrate 
and autozero 
cycle times are reduced 
by 10%. 
Ratiometric Ohms Measurement 


. 
The ratiometric 
ohms 
measurement 
is performed 
by first 
Integrating 
the voltage 
across 
an unknown 
resistor, 
Rx. then 


"'"" 
INT 
I 
lOW I 


9.911 
-=- 


YREf 


OEINT+ 


HIGH 
I 


-=- 


v+ 


0.10 


COMMON 
COMMON 


effectively 
deintegrating 
the voltage 
across 
a known 
resistor 
- 
( 
u_ 
RKNOWN1 or RKNOWN2 of Figure 9). The shunting 
effect 
of 
RINTV does not affect 
the reading 
because 
it cancels 
exact- 
ly between 
integration 
and 
deintegration. 
Like the 
current 
measurements, 
the 
ohm 
measurements 
are split 
into 
two 
sets 
of 
ranges. 
LO 
ohms 
measurements 
use 
a 
10 
kil- 


ohm reference 
resistor, 
and the full scale 
ranges 
are 4 and 
40 kilohms. 
HI ohms measurements 
use a 1 megohm 
refer- 


ence 
resistor, 
and the full scale 
ranges 
are 0.4 and 4 me- 


gohms. 
The measurement 
phases 
and timing 
are the same 
as the measurement 
phases 
and timing 
for DC current 
ex- 


cept: 
1) During the integrate 
phases 
the input voltage 
is the 
voltage 
across 
the unknown 
resistor 
Rx, and; 2) During the 
deintegrate 
phases, 
the input voltage 
is the voltage 
across 
the reference 
resistor 
RKNOWN1 or RKNOWN2. 


Continuity Indication 


When 
the 
ICL7139 
is 
in 
the 
LO 
ohms 
measurement 
mode, the continuity 
circuit of Figure 10 will be active. When 
the voltage 
across 
Rx is less than 
approximately 
100 mY, 


the beeper 
output 
will be on. When 
RKNOWN is 10 kilohms. 


the beeper 
output 
will be on when 
Rx is less than 
1 kilohm.• 


T • 
(INTllARllU) 
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• 
AUTOZERO 


INT = INTEGRAIE 
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Common Voltage 


The analog 
and digital 
common 
voltages 
of the ICL7139 
are generated 
by an on-chip 
resistor/zener/diode 
combina- 
tion, 
hown in Figure 
11. The resistor 
values 
are chosen 
so 
the 
l 
efficient 
of 
the 
diode 
voltage 
cancels 
the 
positive 
temp 
rature coefficient 
of the zener voltage. 
This voltage 
is 
then buffered 
to provide 
the analog 
common 
and the digital 
common 
voltages. 
The 
nominal 
voltage 
between 
V + 
and 
analog 
common 
is 3V. The analog 
common 
buffer 
can sink 
about 
20 mA, or source 
0.01 mA, with ar:1output 
impedance 
of 10 ohms. 
A pullup 
resistor 
to V + 
may be used 
if more 
sourcing 
capability 
is desired. 
Analog 
common 
may be used 
to generate 
the reference 
voltage, jf desired. 


Oscillator 


The 
ICL7139 
uses 
a parallel 
resonant-type 
crystal 
in a 
Pierce 
oscillator 
configuration, 
as shown 
in Figure 
12, and 
requires 
no other 
external 
components. 
The 
crystal 
elimi- 
nates the need to trim the oscillator 
frequency. 
An external 
signal 
may be capacitively 
coupled 
in OSC IN, with a signal 
level 
between 
0.5 and 
3V pk-pk. 
Because 
the 
OSC 
OUT 


I -- -- -- 
TRIPLE POINT 


I 
I 
I 


I 


I 


I 
I 
I 


pin is not designed 
to drive large external 
.Ioads, loading. on 
this pin should 
not exceed 
a single CMOS Input. The oscilla- 
tor frequency 
is internally 
divided 
by two 
to generate 
the 
ICL7139 
clock. 
The frequency 
should 
be 120 kHz to reject 
60 Hz AC signals, 
and 100 kHz to reject 
50 Hz signals. 
Display Drivers - 


Figure 
13 shows 
typical 
LCD Drive waveforms, 
HMS 
ON, 
and RMS 
OFF voltage 
calculations. 
Duplex 
multiplexing 
IS 
used 
to minimize 
the 
number 
of connections 
between 
the 
ICL7139 
and 
the 
LCD. 
The 
LCD 
has two 
separate 
back- 


planes. 
Each 
drive 
line can drive 
two 
individual 
segments, 
one referenced 
to each backplane. 
The ICL7139 
drives 
3% 
7-segment 
digits, 
3 decimal 
points, 
and 
11 annunciators. 
Annunciators 
are used to indicate 
polarity, 
low battery 
con- 


dition, 
and the range 
in use. Peak drive voltage 
across 
the 
display 
is approximately.3V. 
An 
LCD 
with 
approximately 
l.4V 
RMS threshold 
voltage 
shouldile 
used~The 
third volt- 


age level 
needed 
for duplex 
drive waveforms 
is generated 
through 
an on-chip 
resistor 
string. 
The 
DC component 
01. 


the drive waveforms 
is guaranteed 
to be less than 50 mV. 
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=ll'.m.RlI/T 
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ACS = AC SYNC 
AR 
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Ternary Input 


The OhmslVoltsl 
Amps 
logic input is a ternary, 
or 3-level 
input. 
This 
input 
is internally 
tied 
to the 
common 
voltage 
through 
a high-value 
resistor, 
and will go to the middle, 
or 


"Volts" 
state, 
when 
not 
externally 
connected. 
When 
con- 
nected 
to V-, 
approximately 
5 ".A of current 
flows 
out of 
the input. 
In this case, the logic level is the "Amps", 
or low 
state. 
When 
connected 
to V+, 
about 
5 ".A of current 
flows 
into the input. 
Here, the logic level 
is the "Ohms", 
or high 
state. 
For other 
pins, see Table 
2. 
Table 2: Ternary Inputs Connections 


Pin 
y+ 
OPEN 
y- 


Number 
or COM 


17 
mA 
".A 
Test 


18 
Ohms 
Volts 
Amps 


19 
HiO/DC 
LoO/AC 
Test 


20 
Hold 
Auto 
Test 


COMPONENT 
SELECTION 


For optimum 
performance 
while 
maintaining 
the low-cost 
advantages 
of the 
ICL7139, 
care 
must 
be taken 
when 
se- 
lecting 
external 
components. 
This 
section 
reviews 
specifi- 
cations 
and performance 
effects 
of various 
external 
compo- 
nents. 
Integrator Capacitor, CINT 


As with all dual-slope 
integrating 
convertors, 
the integra- 


tion capacitor 
must have low dielectric 
absorption 
to reduce 
linearity 
errors. 
Polypropylene 
capacitors 
add undetectable 
errors 
at a reasonable 
cost, while 
polystyrene 
and polycar- 


bonate 
may 
be 
used 
in 
less 
critical 
applications. 
The 


RKHOWH 
2 


COMMON 


o 
C')~,.. 


ICL7139 
is designed 
to use a 3.3 nF (0.0033 
".F) CINT with 
~ 
an oscillator 
frequency 
of 120 kHz and an RINTV of 10 meg- 
ohms. 
With 
a 100 kHz oscillator 
frequency 
(for 50 Hz line 
frequency 
rejection), 
CINT and 
RINTV affects 
the 
voltage 
swing of the integrator. 
Voltage 
swing 
should 
be as high as 
possible 
without 
saturating 
the integrator. 
Saturation 
occurs 
when 
the integrator 
output 
is within 
1V of either 
V+ 
or V-. 
Integrator 
voltage 
swing 
should 
be about 
± 2V when 
using 
standard 
component 
values. 
For different 
RINTV and OSCilla- 
tor frequencies 
the value 
of CINT can be calculated 
from: 


(Integrate 
Time) x (Integrate 
Current) 


CINT = 
(Desired 
Integrator 
Swing) 


(10,000 x 2 x Oscillator 
Period) x 0.4V/RINTV 


(2V) 
Integrator Resistors 


The normal 
values 
of the RINT y and RINT I resistors 
are 
10 megohms 
and 1 megohm 
respectively. 
Though 
their ab- 
solute values 
are not critical, 
unless the value of the current 
sensing 
resistors 
are trimmed, 
their 
ratio 
should 
be 
10:1, 


within 
0.05%. 
Some 
carbon 
composition 
resistors 
have 
a 
large voltage 
coefficient 
which 
will cause 
linearity 
errors 
on 
the 
400V 
scale. 
Also, 
some 
carbon 
composition 
resistors 
are very noisy. The class "A" 
output 
of the integrator 
begins 
to have 
nonlinearities 
if required 
to sink more 
than 
70 ".A 
(the sourcing 
limit is much higher). 
Because 
RINT y drives a 
virtual 
ground 
point, 
the 
input 
impedance 
of the 
meter 
IS 
equal to RINT y. 
Deintegration Resistor, ROEINT 


Unlike most dual-slope 
AID 
converters, 
the ICL7139 
uses 


different 
resistors 
for integration 
and deintegration. 
ROEINT 
should 
normally 
be the same value as RINTV, and have the 


same temperature 
coefficient. 
Slight errors in matching 
may 


be corrected 
by trimming 
the reference 
voltage. • 


T = INT+ 
DEINT 
AZ = AUTOZERO 
INT = INTEGRATE 


c. 
l").. 
•••• 
~ 
Autozero Capacitor, CAZ 


The CAZ is charged 
to the integrator's 
offset 
voltage 
dur- 
ing the 
autozero 
phases, 
and 
subtracts 
that 
voltage 
from 
the input signal 
during 
the integrate 
phases. 
The integrator 
thus appears 
to have zero offset voltage. 
Minimum 
CAZ val- 
ue is determined 
by: 
1) Circuit 
leakages; 
2) CAZ self-dis- 
charge; 
3) 
Charge 
injection 
from 
the 
internal 
autozero 
switches. 
To avoid 
errors, 
the CAZ voltage 
change 
should 
be less than '/,0 of a count 
during 
the 
10,000 
count 
clock 
cycle 
integration 
period 
for the 
400 
mV range. 
These 
re- 
quirements 
set a lower 
limit of 0.047 
fLF for CAZ but 0.1 fLF 
is the preferred 
value. The upper limit on the value of CAZ is 
set by the time constant 
of the autozero 
loop, and the 1 line 
cycle 
time period 
allotted 
to autozero. 
CAZ may be several 
10s of microfarads 
before 
approaching 
this limit. 


The 
ideal 
CAZ is a low leakage 
polypropylene 
or Teflon 
capacitor. 
Other 
film 
capacitors 
such 
as 
polyester, 
poly- 
styrene, 
and polycarbonate 
introduce 
negligible 
errors. 
If a 
few seconds 
of settling 
time upon 
power-up 
is acceptable, 
the CAZ may be a ceramic 
capacitor, 
provided 
it does 
not 
have excessive 
leakage. 


Ohms Measurement Resistors 


Because 
the ICL7139 
uses a ratiometric 
ohms 
measure- 
ment 
technique, 
the accuracy 
of ohms 
reading 
is primarily 
determined 
by the absolute 
accuracy 
of the RKNOWN1 and 
RKNOWN2. 
These 
should 
normally 
be 
10 
kilohms 
and 
1 megohm, 
with an absolute 
accuracy 
of at least 0.5%. 


Current Sensing Resistors 


The 0.1 ohm and 9.9 ohm current 
sensing 
resistors 
con· 
vert the measured 
current 
to a voltage, 
which 
is then 
mea- 
sured 
using 
RINT I. The 
two 
resistors 
must 
be 
closely 
matched, 
and the ratio between 
RINT 1 and these 
two resis- 
tors must be accurate-normally 
0.5%. 
The 0.1 ohm resis· 
tor must be capable 
of handling 
the full scale 
current 
of 4 
amps, which 
requires 
it to dissipate 
1.6 watts. 


Continuity Beeper 


The Continuity 
Beeper 
output 
is designed 
to drive a piezo- 
electric 
transducer 
at 2 kHz (using a 120 kHz crystal), 
with a 
voltage 
output 
swing 
of V+ 
to V-. 
The 
beeper 
output 
off 
state is at the V+ 
rail. When crystals 
with different 
frequen- 
cies are used, the frequency 
needed 
to drive the transducer 
can be calculated 
by dividing 
the crystal 
frequency 
by 60. 


Display 


The 
ICL7139 
uses 
a custom, 
duplexed 
drive 
display 
with 
range, 
polarity, 
and low battery 
annunciators. 
With a 3 volt 
peak 
display 
voltage. 
the 
RMS 
ON voltage 
will 
be 2.37V 
minimum; 
RMS 
OFF 
voltage 
will be 
1.06V 
maximum. 
Be- 
cause 
the 
display 
voltage 
is not 
adjustable. 
the 
display 
should 
have a 10% ON threshold 
of about 
1.4V. Most dis- 
play manufacturers 
supply 
a graph that shows 
contrast 
ver- 
sus RMS 
drive 
voltage. 
This 
graph 
can 
be used 
to deter· 
mine 
what 
the 
contrast 
ratio 
will 
be when 
driven 
by the 
ICL7139. 
Most display 
thresholds 
decrease 
with increasing 
temperature. 
The threshold 
at the maximum 
operating 
tem- 
perature 
should 
be checked 
to ensure 
that 
the 
"off" 
seg- 
ments 
will not be turned 
"on" 
at high temperatures. 


I 
I 
-~ 


NOTE 1: The ICL7139 
contains a comparator 
that is enabled 
on the lowest ohms range. It trips at approximately 
1.5 kfi and enables 
the beeper driver to oscillate 
(between V- 
and V+) 
at 2 kHz. The beeper driver is capable of driving a pieza-electric 
transducer. The beeper output response is independent of the 
state of the conversion; 
therefore 
appears 
instantaneous 
to the user. Some applications 
may require alSO 
pF capacitor between 
pin 4 and pin 8 to insure 


a sharp 
on/off 
continuity 
detection. 


+ 
+ 
3V 


ANALOG 
3.1V 


COMMON 
(P1N10) 
DIGITAL 
COMMON 
(INTERNAL) 


Crystal 


The 
ICL7139 
is 
designed 
to 
use 
a 
parallel 
resonant 
120 kHz or 100 kHz crystal 
with no additional 
external 
com· 
ponents. 
The Rs parameter 
should 
be less than 25 kilohms 
to ensure 
oscillation. 
Initial frequency 
tolerance 
of the crys- 
tal can be a relatively 
loose 
0.05%. 


Switches 


Because 
the logic input draws 
only about 
5 /-LA,switches 
driving these 
inputs should 
be rated for low current, 
or "dry" 


operations. 
The 
switches 
on the 
external 
inputs 
must 
be 
able to reliably 
switch 
low currents, 
and be able to handle 
voltages 
in excess 
of 400V AC. 


Reference Voltage Source 


A voltage 
divider 
connected 
to V+ 
and Common 
is the 
simplest 
source 
of reference 
voltage. 
While 
minimizing 
ex- 
ternal 
component 
count, 
this 
approach 
will 
provide 
the 
same voltage 
tempco 
as the ICL7139 
Common-about 
100 
PPMrC. 
To improve 
the tempco, 
an ICL8069 
bandgap 
ref- 
erence 
may be used (see Figure 
14). The reference 
voltage 
source 
output 
impedance 
must be ,;; RDEINT/4000. 
Applications, Examples, and Hints 


A complete 
autoranging 
3% 
digit multi meter 
is shown 
in 
Figure 
15. The following 
sections 
discuss 
the functions 
of 
specific 
components 
and various 
options. 


Meter Protection 


The ICL7139 
and its external 
circuitry 
should 
be protect- 
ed against 
accidental 
application 
of 110/220V 
AC line volt- 
ages on the ohms 
and current 
ranges. 
Without 
the neces· 
sary 
precautions, 
both 
the 
7139 
and 
its external 
compo- 


nents 
could 
be damaged 
under 
such 
fault 
conditions. 
For 
the current 
ranges, 
fast-blow 
fuses should 
be used between 
S5A in Figure 
15 and the 0.1 ohm and 9.9 ohm shunt resis- 
tors. For the ohms 
ranges, 
no additional 
protection 
circuitry 


is required. 
However, 
the 
10 kilohm 
resistor 
connected 
to 
pin 7 must be able to dissipate 
1.2W or 4.8W for short peri- 
ods of time during 
accidental 
application 
of 110V or 220V 
AC line voltages 
respectively. 


• 


Particular 
attention 
must be paid to rollover 
performance, 


leakages, 
and 
guarding 
when 
designing 
the 
PCB 
for 
a 
ICL7139-based 
multi meter. 
Rollover Performance, Leakages, and 
Guarding 


Because 
the 
ICL7139 
system 
measures 
very 
low 
cur- 
rents, 
it is essential 
that the PCB have low leakage. 
Boards 
should 
be properly 
cleaned 
after soldering. 
Areas of particu- 
lar importance 
are: 1) The INT V/fl 
and INT I Pins; 2) The 
Triple 
Point; 3) The RDEINT and the CAZ pins. 


The 
conversion 
scheme 
used 
by the 
ICL7139 
changes 
the common 
mode voltage 
on the integrator 
and the capaci- 
tors CAZ and CINT during a positive 
deintegrate 
cycle. 
Stray 
capacitance 
to ground 
is charged 
when this occurs, 
remov- 
ing some 
of the charge 
on CINT and causing 
rollover 
error. 


Rollover 
error increases 
about 
1 count for each picofarad 
of 
capacitance 
between 
CAZ or the Triple 
Point 
and ground, 


and is seen as a zero offset 
for positive 
voltages. 
Rollover 
error is not seen as gain error. 


. -- 
_ ..........•..• _ 
. 


se~eral 
hundred 
microvolts 
are applied 
in the positive 
direc- 


tion. 
The 
ICL7139 
will 
read 
-1 
when 
approximately 


- 100 JJ.V is applied. 


The rollover 
error can be minimized 
by guarding 
the Triple 
Point 
and 
CAZ nodes 
with 
a trace 
connected 
to the 
CINT 
pin, which 
is driven by the output 
of the integrator. 
Guarding 
these 
nodes 
with 
the output 
of the 
integrator 
reduces 
the 
stray 
capacitance 
to ground, 
which 
minimizes 
the 
charge 
error on CINT and CAZ. If possible, 
the guarding 
should 
be 
used on both sides of the PC board. 
Stray Pickup 


While the ICL7139 
has excellent 
rejection 
of line frequen- 
cy noise 
and pickup 
in the 
DC ranges, 
any stray 
coupling 
will 
affect 
the 
AC 
reading. 
Generally, 
the 
analog 
circuitry 
should 
be as close 
as possible 
to the ICL7139. 
The analog 
circuitry 
should 
be removed 
or shielded 
from 
any 120V AC 
power inputs, 
and any AC sources 
such as LCD drive wave- 
forms. 
Keeping 
the 
analog 
circuit 
section 
close 
to 
the 
ICL7139 
will also help keep the area free of any loops, thus 
reducing 
magnetically 
coupled 
interference 
coming 
from 
power transformers, 
or other 
sources. 
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NOTE 1: Crystal is a Slatek or SaRonix eX-Iv type. 
2: Multimeter 
protection 
components 
have not been shown. 


3: Display is from LXD, part number 38D8A02H 
(or equivalent). 


4: Beeper is from muRata. part number PKM24-4AO (or equivalent). 


HARRIS 
SEMlCONDUCT9R 


GENERAL 
DESCRIPTION 
The Harris ICL7149 is a high performance, low power, 


autoranging digital multimeter IC. Unlike other autoranging 
multimeter ICs, the ICL7149 always displays the result of a 
conversion on the correct range. There is no "range hunt- 
ing" noticeable in the display. The unit will autorange be- 
tween the four different ranges in the DC voltage, DC cur- 
rent and resistance measurement modes. A manual switch 
is used to select the 2 high group ranges. DC current ranges 
are 4 mA and 40 mA in the low current group, 400 mA and 
4A in the high current group. Resistance measurements are 
made on 4 ranges, which are divided into two groups. The 
low resistance ranges are 4/40 kilohms. High resistance 
ranges are 0.4/4 megohms. Resolution on the lowest range 
is 1 ohm. 


Part 
Temperature 
Package 
Number 
Range 


ICL7149CPL 
O·Cto +70·C 
40 Pin Plastic DIP 


ICL7149CM44 
O·Cto +70·C 
44 Pin Surface Mount 


ICL7149 :.•. 
Low Cost 3314-Digit ~ 
Autoranging 
Multimeter 
~ 


FEATURES 
.18 
Ranges: 
4 DC Voltage-400 
mY, 4V, 40V, 400V 
2 AC Voltage-with 
Optional AC Circuit 
4 DC Current-4 
mA, 40 mA, 400 mA, 4A 
4 AC Current with Optional AC Circuit 
4 Resistance-4 
kll, 40 kll, 400 kll, 4 Mil 
• Autoranglng-Flrst 
Reading Is Always on Correct 
Range 
• On-Chip Duplex LCD Display Drive Including Three 
Decimal Points and 11 Annunciators 
• Low Power Dissipation-Less 
than 20 mW-1000 
Hour Typical Battery Life 


• Display Hold Input 
• Continuity 
Output Drives Piezoelectric 
Beeper 
• Low Battery Annunciator 
with On-Chip Detection 
• Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 


A,/o, 
e,/E, 


F2/DP, 
'yC, 


AllOy', 


POl/AC 


He 
'P' 
'P'or 


HC 


\. 
bOO " ~ 


z - ~ ~ 5 ~ 
-':g 
0 
\< 
x 
'"8 
\< 
~ 


• 


lM1/"A 


D./A 


k/m 


OSC 
•• 


Ost 
OUT 


HOlD 


H<D.-DC/lO 
D.-AC 


V/D./A 


mA/'" 


9E£PER 
OUT 


HC 


HARRIS 
SEMICONOUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR Sf ATUTQAY. 
INCLUDING 
THE IMPLIED 
WARRANTIeS 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICUlAR 
USE. 


Supply Voltage 
(V+ 
to V-) 
15V 


Reference 
Input Voltage 
(VREF to COM) 
3V 


Analog 
Input Current 
100 IJoA 
(IN + Current 
or IN + Voltage) 


Clock 
Input Swing 
V+ 
to V+ 
- 
3 


Power Dissipation 
(Plastic 
Package) 
800 mW 


Operating 
Temperature 
Range 
O·C to + 70'C 


ELECTRICAL 
CHARACTERISTICS 
v+ 
= + 9.0V, TA = + 25'C, VREF adjusted 
for -3.700 
reading 
on DC 


Yolts, test circuit as shown 
in Figure 3. Crystal 
Frequency 
= 120 kHz. 


Storage 
Temperature 
Range 
-65'C 
to + 130'C 


Lead Temperature 
(Soldering, 
10 see) 
3000C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specificatkJns 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
ped- 
ods msy affect device reliability. 


Parameter 
Test 
Conditions 
Mln 
Typ 
Max 
Units 


Zero 
Input Reading 
VIN or IIN or RIN ~ 
0.00 
-00.0 
+00.0 
V,l,n 


Linearity 
(Best Straight 
Line) (Note 
5) 
(Note 
1) 
-1 
+1 
Counts 


Accuracy 
DC V, 400 Volt Range 
Only 
(Note 
1) 
±1 
%ofRDG 
± 1 


Accuracy 
DC V, 400 Volt Range 
Excluded 
(Note 
1) 
±0.30 
%ofRDG 
± 1 


Accuracy 
Ohms, 
4K and 400K 
Range 
(Note 
1) 
±0.75 
%ofRDG 
± 8 


Accuracy 
Ohms, 
40K and 4Meg 
Range 
(Note 
1) 
±1 
%ofRDG 
± 9 


Accuracy 
DC I, Unadjusted 
for FS 
(Note 
1) 
±0.75 
%ofRDG 
± 
1 


Accuracy 
DC I, Adjusted 
for FS 
(Note 
1) 
±0.2 
%ofRDG 
± 1 


Open Circuit 
Voltage 
for Ohms 
Measurements 
RUNKNOWN = Infinity 
VREF 
V 


Noise 
(Note 
2, 95% 
of Time) 
VIN ~ 0, DC Volts 
0.1 
LSB 


Supply 
Current 
VIN = 0, DC Voltage 
Range 
1.5 
2.4 
mA 


Analog 
Common 
(With Respect 
to V +) 
Icm.4MON < 10 f'A 
2.7 
2.9 
3.1 
V 


Temperature 
Coefficient 
of Analog 
Common 
ICOMMON < 10 f'A, 
-100 
ppm/"C 
Temp 
~ 
0·C-70·C 


Output 
Impedance 
of Analog 
Common 
ICOMMON < 100 f'A 
1 
10 
n 


Backplane/Segment 
Drive Voltage 
Average 
DC < 50 mV 
2.8 
3.0 
3.2 
V 


Backplane/Segment 
Display 
Frequency 
75 
Hz 


Switch 
Input Current 
(Note 
3) 
VIN = V+ 
toV- 
-50 
+50 
f'A 


Switch 
Input Levels 
(High Trip Point) 
V+ 
- 
0.5 
Y+ 
V 


Switch 
Input Levels 
(Mid Trip Point) 
V- 
+ 
3 
V+ 
- 
2.5 
V 


Switch 
Input Levels 
(Low Trip Point) 
V- 
V- 
+ 0.5 
V 


Beeper 
Output 
Drive (Rise or Fall Time) 
CLOAD ~ 
10 nF 
25 
100 
f's 


Beeper 
Output 
Frequency 
2 
kHz 


Continuity 
Detect 
Range = Low Ohms, 
1.5 
kn 
VREF = 1.00V 


Power 
Supply 
Functional 
Operation 
V+ 
toV- 
7 
9 
11 
V 


Low Battery 
Detect 
(Note 
4) 
Y+ 
toV- 
6.5 
7 
7.5 
V 


NOTE 1: Accuracy 
is defined as the worst case deviation from the ideal input value including: offset, linearity and rollover error. 


2; Noise is defined as the width of the uncertainty window (where the display will flicker) between 
two adjacent 
codes. 


3: Applies to pins 17-20. 


4: Analog Common 
falls out of regUlation when the Low Battery Detect 
is asserted, 
however 
the ICL7149 
will continue to operate 
correctly with a supply 
voltage above 7 volts and below 11 volts. 


5; Guaranteed 
by design, not tested. 


RDG ~ 
Reading 


EXTERNAL 
RESISTORS 


AND 


CAPACITORS 


OE!NTEGRATE 
lo 
BAT 
mAVjJ.A 


TO 
-3999 
INTEGRATE(V/ll) 
DISPLAY 


AC 
kfil,Ul 
lOll 


Hill 
BEEPER ,. 


INTEGRATE (I) 
OUTPUT 


V· 


ICL7149 


0.1.a. 


HllllDC 
52A 
10 
ANALOG 
lOll/AC 
Co ••••••ON 
.. 


eOFF 


518 
17 
19 
528 
~V· 
mAl,.. 
HIn.,DC 
~N/C 
loll,AC 
OFF-- 


INPUTS 
V/ll/pA 


mA 


co. 


N/C~ 
N/C+!---. 


y+~ 


N/C~ 


V·~ 
N/C+!---. 


V-~ 


V-~ 


~y+ 


~N/C 


• 


I/O 
Pin Number 
Pin Function 


0 
1 
Segment 
Driver, POLl AC 


0 
2 
Backplane 
2 


0 
3 
Backplane 
1 


I 
4 
V+ 


I 
5 
V- 


I 
6 
Reference 
Input 


0 
7 
LoOhms 


0 
8 
Hi Ohms 


I/O 
9 
Deintegrate 


I/O 
10 
Analog 
Common 


I 
11 
Int I 


I 
12 
IntV/Ohms 


I 
13 
Triple Point 


I 
14 
Auto Zero Capacitor 
(CAZ) 


I 
15 
Integrate 
Capacitor 
(CINT) 


0 
16 
Beeper 
Output 


I 
17 
mAl ",A 
I 
18 
OhmslV/A 


I 
19 
Hi Ohms-DC/Lo 
Ohms-AC 


I 
20 
Hold 


0 
21 
Oscillator 
Out 


I 
22 
Oscillator 
In 


0 
23 
Segment 
Driver k/m 


0 
24 
Segment 
Driver Ohms/ A 


0 
25 
Segment 
Driver M Ohms/ ",A 


0 
26 
Segment 
Driver Lo BatlV 


0 
27 
Segment 
Driver Bo/CO 


0 
28 
Segment 
Driver Ao/Do 


0 
29 
Segment 
Driver Go/Eo 


0 
30 
Segment 
Driver Fo/DPl 


0 
31 
Segment 
Driver Bl/Cl 


0 
32 
Segment 
Driver Al/Dl 


0 
33 
Segment 
Driver Gl/El 


0 
34 
Segment 
Driver Fl/DPl 


0 
35 
Segment 
Driver B2/C2 


0 
36 
Segment 
Driver A2/D2 


0 
37 
Segment 
Driver G2/E2 


0 
38 
Segment 
Driver F2/DP3 


0 
39 
Segment 
Driver B3/C3 


0 
40 
Segment 
Driver ADG3/E3 


NOTE: For segment drivers. segments are listed as (segment for backplane 
1)/(segment 
for backplane 2). Example: pin 27; segment Bo is on 
backplane 1, segment CO is on backplane 2. 


DETAILED 
DESCRIPTION 
General 


Figure 2 is a simplified 
block diagram 
of the ICL7149. 
The 
digital 
section 
includes 
all control 
logic, 
counters, 
and dis- 


play drivers. 
The digital section 
is powered 
by V+ 
and Digi- 
tal Common, 
which 
is about 
3V below 
V+. 
The oscillator 
is 
also in the digital 
section. 
Normally 
120 kHz for rejection 
of 
60 Hz AC interference 
and 100 kHz for rejection 
of 50 Hz 
AC, the oscillator 
output 
is divided 
by two to generate 
the 
internal 
master 
clock. 
The analog 
section 
contains 
the inte- 
grator, 
comparator, 
reference 
section, 
analog 
buffers, 
and 
several 
analog 
switches 
which 
are controlled 
by the digital 
logic. The analog 
section 
is powered 
from V+ 
and V-. 


DC VOLTAGE MEASUREMENT 
Autozero 


Only those 
portions 
of the analog 
section 
which 
are used 
during 
DC voltage 
measurements 
are shown 
in Figure 5. As 
shown 
in the timing 
diagram 
(Figure 
6), each 
measurement 
starts 
with an autozero 
(AZ) phase. 
During 
this phase, 
the 
integrator 
and comparator 
are configured 
as unity gain buff- 


ers and their 
non-inverting 
inputs 
are connected 
to Com- 
mon. The output 
of the integrator, 
which 
is equal 
to its off- 
set, is stored 
on CAZ, the autozero 
capacitor. 
Similarly, 
the 
offset 
of the 
comparator 
is stored 
in CINT. The 
autozero 
cycle 
equals 
1000 
clock 
cycles, 
which 
is one 
60 
Hz line 
cycle with a 120 kHz crystal, 
or one 50 Hz line cycle with a 
100 kHz crystal. 
Range 1 Integrate 


The 
ICL7149 
performs 
a full autorange 
search 
for each 
reading, 
beginning 
with 
range 
1. During 
the 
range 
1 inte- 


grate period, 
internal 
switches 
connect 
the INT V/Ohm 
ter- 


minal 
to the Triple 
Point 
(Pin 13). The 
input 
signal 
is inte- 
grated 
for 10 clock 
cycles, 
which 
are gated 
out over a peri- 


od of 1000 clock cycles 
to ensure 
good normal 
mode rejec- 
tion of AC line interference. 
Range 1 Deintegrate 


At the beginning 
of the deintegrate 
cycle, 
the polarity 
of 
the voltage 
on the 
integrator 
capacitor 
(CINT) is checked, 
and either the DEINT+ 
or DEINT- 
is asserted. 
The integra- 


tor capacitor 
CINT is then discharged 
with a current 
equal to 
VREF/RDEINT. 
The 
comparator 
monitors 
the 
voltage 
on 
CINT. When the voltage 
on CINT is reduced 
to zero (actually 
to 
the 
Vas 
of 
the 
comparator), 
the 
comparator 
output 
switches, 
and the current 
count 
is latched. 
If the CINT volt- 
age zero-crossing 
does not occur 
before 
4000 counts 
have 
elapsed, 
the 
overload 
flag 
is set. 
"OL" 
(overload) 
is then 
displayed 
on the LCD. If the latched 
result 
is between 
360 
and 3999, the count 
is transferred 
to the output 
latches 
and 
is displayed. 
When 
the 
count 
is less than 
360, 
an under- 
range 
has 
occurred, 
and 
the 
ICL7149 
then 
switches 
to 
range 
2-the 
40V scale. 


Range 2 


The range 
2 measurement 
begins 
with an autozero 
cycle 
similar to the one that preceded 
range 1 integration. 
range 2 
cycle 
length 
however, 
is one AC line cycle, 
minus 360 clock 
cycles. 
When 
performing 
the 
range 
2 cycle, 
the 
signal 
is 
integrated 
for 100 clock 
cycles, 
distributed 
throughout 
one 
line cycle. This is done to maintain 
good normal 
mode rejec- 


tion. 
Range 
2 sensitivity 
is ten times 
greater 
than 
range 
1 
(100 vs 10 clock 
cycle integration) 
and the full scale voltage 
of range 2 is 40V. The range 2 deintegrate 
cycle 
is identical 
to the range 
1 deintegrate 
cycle, 
with the result 
being 
dis- 
played 
only 
for 
readings 
greater 
than 
360 
counts. 
If the 
reading 
is below 
360 counts, 
the ICL7149 
again asserts 
the 
internal 
underrange 
signal 
and proceeds 
to range 
3. 


Range 3 


The range 
3 or 4V full scale 
measurement 
is identical 
to 
the 
range 
2 measurement, 
except 
that 
the 
input 
signal 
is 
integrated 
during 
the 
full 
1000 
clock 
cycles 
(one 
line fre- 
quency 
cycle). 
The result is displayed 
if the reading 
is great- 
er than 360 counts. 
Underrange 
is asserted, 
and a range 4 
measurement 
is performed 
if the result is below 360 counts. 


Range 4 


This measurement 
is similar to the range 
1, 2 and 3 mea- 


surements, 
except 
that 
the 
integration 
period 
is 
10,000 
clock 
cycles 
(10 line cycles) 
long. The 
result 
of this 
mea- 
surement 
is transferred 
to the output 
latches 
and displayed 
even if the reading 
is less than 360. 
Autozero 


After finding 
the first range for which the reading 
is above 
360 counts, 
the display 
is updated 
and an autozero 
cycle 
is 
entered. 
The length 
of the auto zero cycle 
is variable 
which 
results 
in a fixed 
measurement 
period 
of 24,000 
clock 
cy- 


cles (24 line cycles). 


DIGIT 
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Figure 4: Display Segment Nomenclature 


DEINT- 
AZ 


T = (INT)(AR)(AZ) 
AR = AUTO RANGE CHOPPER 
AZ = AUTOZERO 
INT = INTEGRAIT 
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SECOND AUTO-ZERO 
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Une Frequency Cycles 
(1 Cycle ~ 
1000 Internal Clock Pulses ~ 
2000 Oscillation 
Cycles) 
Figure 6: Timing Diagram for DC Voltage Measurement 


DC CURRENT 


Figure 
7 shows 
a simplified 
block 
diagram 
of the analog 
section 
of 
the 
ICL7149 
during 
DC current 
measurement. 


The DC current 
measurements 
are very similar 
to DC volt- 
age 
measurements 
except: 
1) The 
input 
voltage 
is devel- 
oped 
by passing 
the 
input 
current 
through 
a 0.1 ohm 
(HI 
current 
ranges), 
or 9.9 ohm 
(LOW 
current 
ranges) 
current 
sensing 
resistor; 
2) Only those ranges with 1000 and 10,000 
clock 
cycles 
of integration 
are used; 3) The AINT I resistor 
is 
1 megohm, 
rather 
than the 
10 megohm 
value 
used for the 
AINT V resistor. 


By using the lower value integration 
resistor, 
and only the 
2 most sensitive 
ranges, 
the voltage 
drop across 
the current 
sensing 
resistor 
is 40 
mV 
maximum 
on 
the 
4 
mA 
and 
400 
mA ranges; 
400 
mV maximum 
on the 40 mA and 4A 
scales. 
With 
some 
increase 
in noise, 
these 
"burden" 
volt- 


ages can be reduced 
by lowering 
the value of both the cur- 
rent sense 
resistors 
and the 
AINT I resistor 
proportionally. 


The 
DC current 
measurement 
timing 
diagram 
is similar 
to 
the DC voltage 
measurement 
timing 
diagram, 
except 
in the 
DC current 
timing 
diagram, 
the 
first 
and 
second 
integrate 
and de Integrate 
phases 
are skipped. 


AC VOLTAGE 
MEASUREMENT 


The ICL7149 
is designed 
to be used with an optional 
AC 
to DC voltage 
converter 
circuit. 
It will autorange 
through 
two 
voltage 
ranges 
(400V 
and 40V), and the AC annunciator 
is 
enabled 
as with the ICL7139. 
A typical 
averaging 
AC to DC 
converter 
is shown 
in Figure 
8, while 
an RMS to DC con- 
verter 
is shown 
in Figure 
9. AC current 
can also 
be mea- 
sured 
with 
some 
simple 
modifications 
to either 
of the two 
circuits 
in Figures 
8 and 9. 
Ratiometric Ohms Measurement 


The ratiometric 
ohms 
measurement 
is performed 
by first 
integrating 
the voltage 
across 
an unknown 
resistor, 
Rx, then 
effectively 
deintegrating 
the voltage 
across 
a known 
resis- 


tors 
(RKNOWNl 
or RKNOWN2 of Figure 
10). The 
shunting 
effect 
of RINTV does not affect 
the reading 
because 
it can- 
cels exactly 
between 
integration 
and deintegration. 
Like the 
current 
measurements, 
the 
ohm 
measurements 
are 
split 
into two sets of two ranges. 
LO ohms 
measurements 
use a 
10 kilohm 
reference 
resistor, 
and the full scale ranges 
are 4 
and 40 kilohms. 
HI ohms 
measurements 
use a 1 megohm 
reference 
resistor, 
and the full scale 
ranges 
are 0.4 and 4 
megohms. 
The 
measurement 
phases 
and 
timing 
are 
the 
same 
as the 
measurement 
phases 
and timing 
for DC cur- 
rent except: 
1) During the integrate 
phases 
the input voltage 
is the voltage 
across 
the unknown 
resistor 
Rx, and; 2) Dur- 
ing the deintegrate 
phases, 
the input voltage 
is the voltage 
across 
the reference 
resistor 
RKNOWNl 
or RKNOWN2. 


Continuity Indication 


When 
the 
ICL7149 
is 
in 
the 
LO 
ohms 
measurement 
mode, the continuity 
circuit of Figure 11 will be active. When 
the voltage 
across 
Rx is less than 
approximately 
100 mY, 


the beeper 
output 
will be on. When 
RKNOWN is 10 kilohms, 
the beeper 
output 
will be on when 
Rx is less than 
1 kilohm. 


Common Voltage 


The analog 
and digital 
common 
voltages 
of the ICL7149 
are generated 
by an on-chip 
resistor/zener/diode 
combina- 
tion, shown 
in Figure 
12. The resistor 
values 
are chosen 
so 
the 
coefficient 
of the 
diode 
voltage 
cancels 
the 
positive 
temperature 
coefficient 
of the zener voltage. 
This voltage 
is 
then buffered 
to provide 
the analog 
common 
and the digital 
common 
voltages. 
The 
nominal 
voltage 
between 
V+ 
and 
analog 
common 
is 3V. The analog 
common 
buffer 
can sink 
about 
20 mA, or source 
0.01 mA, with an output 
impedance' 


of 10 ohms. 
A pullup 
resistor 
to V + 
may be used 
if more 
sourcing 
capability 
is desired. 
Analog 
common 
may be used 
to generate 
the reference 
voltage, 
if desired. 


Oscillator 


The 
ICL7149 
uses 
a parallel 
resonant-type 
crystal 
in a 
Pierce 
oscillator 
configuration, 
as shown 
in Figure 
13, and 
requires 
no other 
external 
components. 
The 
crystal 
elimi- 


nates the need to trim the oscillator 
frequency. 
An external 
signal may be capacitively 
coupled 
to OSC IN, with a signal 
level 
between 
0.5V and 3V pk-pk. 
Because 
the OSC OUT 
pin is not designed 
to drive large external 
loads, 
loading 
on 
this pin should 
not exceed 
a single CMOS input. The oscilla- 
tor frequency 
is internally 
divided 
by two 
to generate 
the 
ICL7149 
clock. 
The frequency 
should 
be 120 kHz to reject 
60 Hz AC signals, 
and 100 kHz to reject 
50 Hz signals. 


Display Drivers 


Figure 
14 shows 
typical 
LCD Drive waveforms. 
RMS ON, 


and 
RMS OFF 
voltage 
calculations. 
Duplex 
multiplexing 
is 
used to minimize 
the number 
of connections 
between 
the 
ICL7149 
and 
the 
LCD. 
The 
LCD 
has two 
separate 
back- 
planes. 
Each 
drive 
line can drive 
two 
individual 
segments, 
one referenced 
to each backplane. 
The ICL7149 
drives 
3% 


7-segment 
digits, 
3 decimal 
points, 
and 
11 annunciators. 


Annunciators 
are used to indicate 
polarity, 
low battery 
con- 


dition, 
and the range 
in use. Peak drive voltage 
across 
the 
display 
is approximately 
3V. 
An 
LCD 
with 
approximately 
1.4V RMS threshold 
voltage 
should 
be used. The third volt- 


age level 
needed 
for duplex 
drive waveforms 
is generated 
through 
an on-chip 
resistor 
string and the DC component 
of 
the drive waveforms 
is guaranteed 
to be less than 50 mY. 


Ternary Input 


The OhmslVolts/Amps 
logic input is a ternary, 
or 3-level 
input. 
This 
input 
is internally 
tied 
to the 
common 
voltage 
through 
a high-value 
resistor, 
and will go to the middle, 
or 


"Volts" 
state, 
when 
not externally 
connected. 
When 
con- 
nected 
to V-, 
approximately 
5 )LA of current 
flows 
out of 


the input. 
In this case, 
the logic level is the "Amps", 
or low 
state. When 
connected 
to V + , about 
5 )LA of current 
flows 
into the input. 
Here, the logic 
level is the "Ohms", 
or high 
state. 
For other 
pins, see Table 
2. 


Table 2: Ternary Inputs Connections 


Pin 
y+ 
OPEN 
y- 


Number 
oreoM 


17 
mA 
)LA 
Test 


18 
Ohms 
Volts 
Amps 


19 
Hifi/DC 
Lofi/AC 
Test 


20 
Hold 
Auto 
Test 


• 


o 
''It.. 


"'"g 
COMPONENT 
SELECTION 


For optimum 
performance 
while 
maintaining 
the low-cost 
advantages 
of the 
ICL7149. 
care 
must 
be taken 
when 
se- 
lecting 
external 
components. 
This 
section 
reviews 
specifi- 
cations 
and performance 
effects 
of various 
ex1ernal compo- 


nents. 
Integrator Capacitor, CINT 


As with all dual-slope 
integrating 
convertors, 
the integra- 
tion capacitor 
must have low dielectric 
absorption 
to reduce 
linearity 
errors. 
Polypropylene 
capacitors 
add undetectable 
errors 
at a reasonable 
cost, 
while 
polystyrene 
and polycar- 
bonate 
may 
be 
used 
in 
less 
critical 
applications. 
The 
ICL7149 
is designed 
to use a 3.3 nF (0.0033 
,.F) CINT with 


an oscillator 
frequency 
of 120 kHz and an RINTV of 10 me- 
gohms. 
With a 100 kHz oscillator 
frequency 
(for 50 Hz line 
frequency 
rejection), 
both CINT and RINTV affect the voltage 
swing of the integrator. 
Voltage 
swing 
should 
be as high as 
possible 
without 
saturating 
the 
integrator, 
which 
occurs 
when the integrator 
output 
is within 
1V of either 
V + or V - . 


Integrator 
voltage 
swing 
should 
be about 
± 2V when 
using 
standard 
component 
values. 
For different 
RINTV and oscilla- 
tor frequencies 
the value of CINT can be calculated 
from: 


C 
= (Integrate 
Time) x (Integrate 
Current) 


INT 
(Desired 
Integrator 
Swing) 


(10,000 x 2 x Oscillator 
Period) x 0.4V /RINTV 


(2V) 


T = (INT)(AR)(AZ) 
AR = AUTORANGE 
CHOPPER 
AZ = AUTOZERO 
INT = INTEGRATE 


20MA 
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5kA 


10 
H.2kA 
12 
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INT(V/A) 
0-1000 
Hz 
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AOJUST 
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ICL7149 


NOTE: Diodes are low·leakage 
10100. 


Figure 8: AC Voltage Measurement Using Optional Averaging Circuit 
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Figure 11: Continuity 
Beeper Drive Circuit 


NOTE: The ICL7139 contains a comparator 
that is enabled on the lowest ohms range. It trips at approximately 
1.5 kn and enables the beeper driver to oscillate 
(between V- 
and V+) at 2 kHz. The beeper driver is capable of driving a piezo·electric 
transducer. The beeper output response is independent 
of the state 
of the conversion; 
therefore 
appears instantaneous 
to the user. Some applications 
may require a 150 pF capacitor 
between 
pin 4 and pin 8 to insure a 
sharp on/off 
continuity 
detection. 


Integrator Resistors 


The normal 
values 
of the RINT y and RINT I resistors 
are 
10 megohms 
and 1 megohm 
respectively. 
Though 
their ab- 
solute 
values 
are not critical, 
unless the value of the current 
sensing 
resistors 
are trimmed, 
their 
ratio 
should 
be 
10:1, 
within 
0.05%. 
Some 
carbon 
composition 
resistors 
have 
a 
large voltage 
coefficient 
which 
will cause 
linearity 
errors 
on 
the 
400V 
scale. 
Also, 
some 
carbon 
composition 
resistors 
are very noisy. The class "A" 
output 
of the integrator 
begins 
to have 
nonlinearities 
if required 
to sink more 
than 
70 /iA 
(the sourcing 
limit is much higher). 
Because 
RINT y drives 
a 
virtual 
ground 
point, 
the 
input 
impedance 
of the 
meter 
is 
equal to RINT y. 
Deintegration Resistor, ROEINT 


Unlike most dual-slope 
AID 
converters, 
the ICL7149 
uses 
different 
resistors 
for integration 
and deintegration. 
ROEINT 
should 
normally 
be the same value as RINTV' and have the 
same temperature 
coefficient. 
Slight errors in matching 
may 
be corrected 
by trimming 
the reference 
voltage. 
Autozero Capacitor, CAZ 


The CAZ is charged 
to the integrator's 
offset 
voltage 
dur- 
ing the 
autozero 
phases, 
and 
subtracts 
that 
voltage 
from 
the input signal 
during 
the integrate 
phases. 
The integrator 
thus appears 
to have zero offset 
voltage. 
Minimum 
CAZ val- 
ue is determined 
by: 1) Circuit 
leakages; 
2) CAZ self-dis- 
charge; 
3) 
Charge 
injection 
from 
the 
internal 
autozero 
switches. 
To avoid 
errors, 
the CAZ voltage 
change 
should 
be less than '1'0 of a count 
during 
the 
10,000 
count 
clock 
cycle 
integration 
period 
for the 
400 
mV range. 
These 
re- 
quirements 
set a lower 
limit of 0.047 
/iF for CAZ but 0.1 /iF 
is the preferred 
value. The upper limit on the value of CAZ is 
set by the time constant 
of the autozero 
loop, and the line 
cycle 
time period 
allotted 
to autozero. 
CAZ may be several 
10s of microfarads 
before 
approaching 
this limit. 


The 
ideal CAZ is a low leakage 
polypropylene 
or Teflon 
() 
capacitor. 
Other 
film capacitors 
such as polyester, 
polysty- 
- 
rene, and polycarbonate 
introduce 
negligible 
errors. 
If a few 
seconds 
of settling 
time 
upon 
power-up 
is acceptable, 
the 
CAZ may be a ceramic 
capacitor, 
provided 
it does 
not have 
excessive 
leakage. 
Ohms Measurement Resistors 


Because 
the ICL7149 
uses a ratio metric 
ohms 
measure- 
ment 
technique, 
the accuracy 
of ohms 
reading 
is primarily 
determined 
by the absolute 
accuracy 
of the RKNOWNl 
and 
RKNOWN2' These 
should 
normally 
be 10 kilohms 
and 1 me- 
gohm, 
with an absolute 
accuracy 
of at least 0.5%. 
Current Sensing Resistors 


The 0.1 ohm and 9.9 ohm current 
sensing 
resistors 
con- 
vert the measured 
current 
to a voltage, 
which 
is then 
mea- 
sured 
using 
RINT I. The 
two 
resistors 
must 
be 
closely 
matched, 
and the ratio between 
RINT I and these 
two resis- 
tors must be accurate-normally 
0.5%. 
The 0.1 ohm resis- 
tor must be capable 
of handling 
the full scale 
current 
of 4 
amps, which 
requires 
it to dissipate 
1.6 watts. 


Continuity Beeper 
• 
The Continuity 
Beeper 
output 
is designed 
to drive a piezo- 
electric 
transducer 
at 2 kHz (using a 120 kHz crystal), 
with a 
voltage 
output 
swing 
of V + to V -. 
The beeper 
output 
off 
state is at the V+ 
rail. When crystals 
with different 
frequen- 


cies are used, the frequency 
needed 
to drive the transducer 
can be calculated 
by dividing 
the crystal 
frequency 
by 60. 


Display 


The ICL7149 
uses a custom, 
duplexed 
drive display 
with 
range, 
polarity, 
and low battery 
annunciators. 
With a 3 volt 
peak 
display 
voltage, 
the 
RMS 
ON voltage 
will 
be 2.37V 
minimum; 
RMS 
OFF 
voltage 
will be 
1.06V 
maximum. 
Be- 
cause 
the 
display 
voltage 
is not 
adjustable, 
the 
display 
should 
have 
a 
10% 
ON 
threshold 
of 
about 
l.4V. 
Most 


+ 
3V 


ANALOG 
COMMON 
(PIN 10) 


Gl 
'It.•. 
•••• 


~ 
~~~~~ 
:~~u~~~~u~:~a~~~~~iSa 
g~~:hc~hna~:~~:~ 
t~o~:t~~~ 
mine 
what 
the 
contrast 
ratio 
will 
be when 
driven 
by the 
ICL7149. 
Most display 
thresholds 
decrease 
with increasing 
temperature, 
and the threshold 
at the 
maximum 
operating 
temperature 
should 
be checked 
to 
ensure 
that 
the 
"off" 


segments 
will not be turned 
"on" 
at high temperatures. 


Crystal 


The 
ICL7149 
is 
designed 
to 
use 
a 
parallel 
resonant 
120 kHz or 100 kHz crystal 
with no additional 
external 
com- 
ponents. 
The Rs parameter 
should 
be less than 25 kilohms 
to ensure 
oscillation. 
Initial frequency 
tolerance 
of the crys- 


tal can be a relatively 
loose 
0.05% 
Switches 


Because 
the logic input draws 
only about 
5 1J.A,switches 
driving these 
inputs should 
be rated for low current, 
or "dry" 


operations. 
The 
switches 
on the 
external 
inputs 
must 
be 
able to reliably 
switch 
low currents, 
and be able to handle 
voltages 
in excess 
of 400V AC. 
Reference Voltage Source 


A voltage 
divider 
connected 
to V+ 
and Common 
is the 
simplest 
source 
of reference 
voltage. 
While 
minimizing 
ex- 
ternal 
component 
count, 
this 
approach 
will 
provide 
the 
same 
voltage 
tempco 
as 
the 
ICL7149 
Common-about 
100 PPMrC. 
To improve 
the tempco, 
an ICL8069 
bandgap 
reference 
may be used (see Figure 
15). The reference 
volt- 
age source 
output 
impedance 
must be ,;; RDEINT/4000. 


Applications, Examples, and Hints 


A complete 
autoranging 
3% digit multi meter 
is shown 
in 
Figure 
16. The following 
sections 
discuss 
the functions 
of 
specific 
components 
and various 
options. 


Meter Protection 


The ICL7149 
and its external 
circuitry 
should 
be protect- 
ed against 
accidental 
application 
of 110/220V 
AC line volt- 
ages on the ohms 
and current 
ranges. 
Without 
the neces- 


sary 
precautions, 
both 
the 
7149 
and 
its external 
compo- 
nents 
could 
be damaged 
under 
such 
fault 
conditions. 
For 
the current 
ranges, 
fast-blow 
fuses should 
be used between 
S5A in Figure 
16 and the 0.1 ohm and 9.9 ohm shunt resis- 


tors. For the ohms 
ranges, 
no additional 
protection 
circuitry 
is required. 
However, 
the 
10 kilohm 
resistor 
connected 
to 
pin 7 must be able to dissipate 
1.2W or 4.8W for short 
peri- 


ods of time during 
accidental 
application 
of 110V or 220V 
AC line voltages 
respectively. 
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Figure 14: Duplexed LCD Drive Waveforms 


Printed Circuit Board Layout 
Considerations 


Particular 
attention 
must be paid to rollover 
performance, 


leakages, 
and 
guarding 
when 
designing 
the 
PCB 
for 
a 
ICL7149-based 
multimeter. 


RoUover Performance, Leakages, 
and Guarding 


Because 
the 
ICL7139 
system 
measures 
very 
low 
cur- 
rents, 
it is essential 
that the PCB have low leakage. 
Boards 
should 
be properly 
cleaned 
after soldering. 
Areas of particu- 


lar importance 
are: 1) The INT V/fl 
and INT I Pins; 2) The 
Triple 
Point; 3) The RDEINT and the CAl 
pins. 


The 
conversion 
scheme 
used 
by the 
ICL7139 
changes 
the common 
mode voltage 
on the integrator 
and the capaci- 
tors CAZ and CINT during a positive 
deintegrate 
cycle. 
Stray 
capacitance 
to ground 
is charged 
when 
this occurs, 
remov- 


ing some 
of the charge 
on CINT and causing 
rollover 
error. 


Rollover 
error increases 
about 
1 count for each picofarad 
of 
capacitance 
between 
CAZ or the Triple 
Point 
and ground, 
and is seen as a zero offset 
for positive 
voltages. 
Rollover 
error 
is not seen as gain error. 


o••.•. 
r- 
The rollover 
error causes 
the width of the + 0 count to be 
••• 
larger 
than 
normal. 
The 
ICL7139 
will thus 
read 
zero 
until g 
several 
hundred 
microvolts 
are applied 
in the positive 
direc- 


tion. 
The 
ICL7139 
will 
read 
-1 
when 
approximately 


-100 
MV are applied. 


The rollover 
error can be minimized 
by guarding 
the Triple 
Point 
and 
CAZ nodes 
with 
a trace 
connected 
to the 
CINT 
pin, which 
is driven by the output 
of the integrator. 
Guarding 
these 
nodes 
with the output 
of the 
integrator 
reduces 
the 
stray 
capacitance 
to ground, 
which 
minimizes 
the 
charge 
error on CINT and CAZ. If possible, 
the guarding 
should 
be 
used on both sides of the PC board. 
Stray Pickup 


While the ICL7149 
has excellent 
rejection 
of line frequen- 
cy noise 
and 
pickup 
in the 
DC ranges, 
any stray 
coupling 
will 
affect 
the 
AC 
reading. 
Generally, 
the 
analog 
circuitry 
should 
be as close 
as possible 
to the ICL7149. 
The analog 
circuitry 
should 
be removed 
or shielded 
from 
any 120V AC 
power inputs, 
and any AC sources 
such as LCD drive wave- 


forms. 
Keeping 
the 
analog 
circuit 
section 
close 
to 
the 


ICL7149 
will also help keep the area free of any loops, thus 
reducing 
magnetically 
coupled 
interference 
coming 
from 
power transformers, 
or other 
sources. 
• 


OEINTEGRA TE 
TRIPLE 
POINT 
INTEGRATE VOLT /OHW 
INTEGRATE CURRENT 


9 
LO BAT 
mAVJI>A 


101,Ul12 
INT(v/n) 
-3999 
10kn 
7 
AC 
knMn 
LOn 
1 Mn 
8 
16 
HUl 
1 Mn 11 
BEEPER 


A 
INT(I) 
v+ 
•• 
PIN •• 
S5A 
mA 
9.9n 
ICL7149 
+ 
10kn 


1 Jl>F 
O.ln 


COMMON 
2W 
5 
10 
ICL8069 
COMIolON 
•• 
6 
V 
VREF 
PIN 10 
v+ 
v+~ 
18 
v/n/A 
....J'V+ 
Jl>A 
19 
S2 
! .•.-E 
S"B 
Hin-DC/Lon-AC 


17 
....J'V+ 
mA/JI>A 
20 
S3 
HOLD 


mA 


52 Closed: Hifi-DC 
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Figure 16: Basic Multimeter 
Application 
Circuit for ICL7149 


NOTE 1: Crystal is a 5tatek 
CX-IV 
type. 


2: Multimeter 
protection 
components 
have not been shown. 


3: Display is from LXO, part number 38D8R02H 
or equivalent. 


4: Beeper is from muRata, part number PKM24-4AO or equivalent. 


HARRIS' 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
Harris 
ICL7182 
is a complete 
analog-to·digital 
con- 


verter 
(ADC) that directly 
drives 
a multiplexed 
liquid crystal 
display 
(LCD). 
Included 
are 
a 
charge-balanced 
ADC, 
a 
2.56V 
bandgap 
reference, 
display 
decode 
and driver, 
and a 
50 kHz oscillator. 
Only a display 
and three 
passive 
compo- 


nents 
are required 
for a complete 
analog 
bargraph. 


The fully differential 
analog 
and reference 
inputs 
may be 
operated 
anywhere 
between 
and including 
the supply 
rails. 


This 
allows 
sensing 
either 
ground-referenced 
signals 
or 
bridge 
configurations. 
Linearity 
and 
zero 
offset 
errors 
are 
guaranteed 
to be less than 
0.5% 
for a 1V full-scale 
input. 


The full-scale 
differential 
input range 
is 200 mV to 1.1V. 


The 
low drift 
50 ppml'C 
refer.ence 
is trimmed 
to 
1.5% 


accuracy 
and, when 
used with a simple 
resistor 
divider, 
can 
set the full-scale 
input 
voltage. 
The 
reference, 
when 
used 
with an Harris ICL7660, 
extends 
the operating 
supply 
range 
from 
3V 
to 
40V 
and 
allows 
sensing 
input 
signals 
below 
ground. 


The backplane 
and segment 
drivers 
supply 
the LCD with 
the 
proper 
waveforms 
to create 
a discrete 
series 
of seg- 
ments 
forming 
a 101 segment 
bar which 
is proportional 
to 
the input voltage, 
with a plus or minus 
annunciator 
to indi- 
cate the polarity. 
In addition, 
three independent 
TIL 
control- 


lable 
annunciators 
are provided 
for limit or unit indication. 


The bargraph 
multiplexing 
scheme 
provides 
duplex 
contrast 
ratio and allows the complete 
system to be placed 
in a stan- 
dard 40 pin DIP. The LCD operating 
voltage 
is externally 
set 
to adjust contrast 
for a range of fluid types and temperature. 


The 
internal 
oscillator 
requires 
no external 
components 
and 
establishes 
the 
conversion 
rate 
and 
backplane 
clock 
frequency. 
The 
nominal 
conversion 
rate of 25 per second 
can be easily 
changed 
between 
15 to 40 conversions 
per 
second 
by adding a single capacitor 
or overdriving 
the oscil- 
lator. 


ICL7182 :: 
.•. 
101 Segment LCD Bargraph ~ 
AID Converter ~ 


FEATURES 


• 1% Resolution 
... 
100 Data Segments 
Plus Zero 


• No Missing 
Segments 
Guaranteed 


• Single 
5V Supply 
Operation 


• Only Three 
Passive 
Components 
Required 


• True 
Differential 
Input and Reference 


• Direct 
LCD Display 
Drive 
Provides 
Duplex 
Contrast 
Ratio 


• Overrange 
and Polarity 
Indication 


• Three 
User Defined 
Annunclators-Easiiy 
Expandable 


• Precision 
On-Chip 
Reference 
... 
50 ppml'C 


• Low Average 
Power 
Consumption 
... 
1.8 mW 


• 40 Pin DIP or 44 Pin Surface 
Mount 
Package 


• Extended 
Temperature 
Range 
Operation • 


Part 
Temperature 
Package 


Number 
Range 
Description 


ICL7182CPL 
O·Cto 
+70·C 
40-Pin Plastic 
DIP 


ICL7182CM44 
O·Cto 
+70·C 
44-Pin Surface 
Mount 


050 
Vet 


VR"", 
REF HI 


REF 
LO 


IN HI 


IN LO 


COWMON 


Vss 
Vos 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
310675.002 


C\l 
co.•.,..g 
ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Vcc 
to Vss) 
10V 


Supply Voltage 
(Vccto 
Vos) 
11V 


Display 
Drive Pin Voltage 
(Vcc+0.3V) 
to (Vos-0.3V) 


Analog 
or Reference 
Inputs 
(Vcc+ 
0.3V) to (Vss-0.3V) 


Com, Osc, Ax, Ay, 


Az, T1, TS Pins 
(Vcc+0.3V) 
to (Vss-0.3V) 


Reference 
Output 
Current 
8 mA 


Lead Temperature 
(Soldering, 
10 see) 
300"C 


Storage 
Temperature 
Range 
- 6S·C to + 1S0·C 


ELECTRICAL 
CHARACTERISTICS 
Unless otherwise 
stated: 
Vcc = S.OV, Vss = Vos = GND, TA = 2S·C, 


VREF = 1.000V, VINCM = VREFCM = 2.SV, pin 6 open (Note 1) 


Operating 
Temperature 
Range 
-2S·C 
to +8S·C 


Continuous 
Total 
Power 
Dissipation 
(TA = 2S·C) 
40 Pin DIP Plastic Package 
SOOmW 
44 Pin CM Plastic 
Package 
37S mW 


NOTE: Stresses above those listed under "Absolute Maximum Rabngs" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. EXfXJsure to absolute 
maximum 
rating conditions 
for extended 
peri- 


ods may affect 
device reliability. 


Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


Zero Input Reading 
VIN = O.OV 
-0 
±O 
+0 
Segs 


Unadjusted 
Gain Error 
VIN = VREF 
-1 
0 
+1 
Segs 


Linearity 
Error 
(Note 2) 
-0.63 
. ±0.2 
+0.63 
Segs 
Rollover 
Error 
VIN = - VREF (Note 3) 
-O.S 
±0.1 
+O.S 
Segs 
Conversion 
Time 
400 
,...s 


Display 
Update 
Rate 
2S 
Hz 


Input Referred 
Noise 
(Note '4) 
SOO 
,...V 


DC Power Supply 
Rejection 
Vcc = 4.S to 6.0V 
0.02 
0.3 
SegslV 


ANALOG 
INPUT 


Common 
Mode Rejection 
Ratio 
VINCM = OV to SV, VIN "" OV 
0.02 
0.1 
SegslV 


Differential 
Mode Input 
1.0 
1.1 
V 
Avmage 
Input Current 
VIN = 1.0V (Note S) 
1.3 
nA 


REFERENCE 
INPUT 


Common 
Mode Rejection 
Ratio 
VREFcM 
= O.SV to 4.SV 
0.01 
0.1 
SegslV 
Average 
Input Current 
(Note 6) 
6 
nA 


REFERENCE 
OUTPUT 


Output Voltage 
Vcc 
- 
VRout, 
lout = 0 ,...A 
2.S20 
2.S60 
2.S90 
V 
Temperature 
Coefficient 
-2S·C 
< TA < 8S·C, lout = O,...A 
SO 
200 
ppm/"C 
Output 
Impedance 
lout = + 10,...A to -2 
mA 
1.3 
S 
0 
Current 
Into VRout 
Pin 
10 
20 
,...A 


Current 
Out of VRout 
8 
2 
mA 
Output 
Noise 
0.1 Hz to 10 Hz (Note 4) 
110 
,...V 


POWER 
SUPPLY 


SUPR!y Current 
Average 
(Note 6) 
3S0 
SOO 
,...A 


Supply Current 
Peak 
(Note 6) 
1.S 
2.0 
mA 
Supply Voltage 
Range 
Guaranteed 
by PSRR 
4.S 
S.O 
6.0 
V 


OSCll.LATOR 


Oscillator 
Frequency 
OscPin 
Open 
26 
S1 
72 
kHz 
Backplane 
Frequency 
Osc Pin Open 
2S 
SO 
70 
Hz 


DISPLAY 
DRIVE 


Display Output 
Impedance 
Vcc 
- 
Vos = 3Vt07V 
70 
200 
kO 
DC Component 
of Display 
Vcc 
- 
Vos = 3Vt07V 
-SO 
±10 
SO 
mV 
Vos Supply Current 
Vcc 
- 
Vos = 3V to 7V (Note 7) 
60 
120 
,...A 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Unless otherwise 
stated: 
Vee = 5.0V, Vss = Vos = GND, 


TA = 25°C, VREF = 1.000V, 
VINeM = VREFeM 
= 2.5V, pin 6 open 
(Note 
1) 


Parameter 
Test Conditions 
Limits 
Units 
Mln 
Typ 
Max 


ANNUNCIATOR 
INPUTS 


Input High Voltage 
Operating 
Temp 
Range 
2.4 
V 


Input Low Voltage 
Operating 
Temp Range 
0.8 
V 


Input Leakage 
Operating 
Temp Range 
-1 
0.001 
+1 
,...A 


NOTE 1: The differential 
mode input voltages are detined as: V,N ~ (IN HI - 
IN LO) and VREF = (REF HI - 
REF LO). The common 
mode input voltage, VINe ••• 


and VREFCM. 
is defined as the average 
differential 
input voltage with respect to Vss. 


2: The linearity error is the deviation from a straight line which passes through negative 
full scale and postive full scale readings. 


3: The rollover error is defined as the difference in reading for equal positive and negative inputs near full-scale. 


4: Peak to peak value not exceeded 
95% 
of the time (± 2 standard 
deviations). 


5: Defined as the average 
current fkJwing into the input with a 1.0 p.F capacitor 
across VIN or VREF inputs and the common 
mode voltage at % VCC. 


6: The average 
supply current is measured 
with a supply bypass capacitor 
and annunciator 
inputs tied to Vss. 


7: The supply current for Vos flows from the Vcc pin. 


Pin No. 
Symbol 
Description 


1 
T5 
Test pin 115, buffered 
oscillator 
frequency 
divided 
by two that can typically 
source and sink 2 mA. 


2 
Ax 
Annunciator 
Segx select, 
low turns on Segx, high turns off Segx. 


3 
Ay 
Annunciator 
Segy select, 
low turns on Segy, high turns off Segy. 


4 
Az 
Annunciator 
Segz select, 
low turns on Segz, high turns off Segz. 


5 
T1 
Test pin 111, normally 
left open or tied to Vss. 


6 
Osc 
50 kHz free running oscillator 
control 
and clock input pin. The internal 
oscillator 
may be 
overdriven 
by a 30 to 80 kHz external 
clock driving pin 6, or the free running frequency 
can be 
reduced 
by adding an external 
capacitor 
between 
pin 6 and Vee. 


7 
Vee 
Positive 
supply voltage. 


8 
VRout 
Bandgap 
reference 
buffered 
output, 
down 2.56V from Vee. 


9 
REFHI 
Positive 
Reference 
Input. 


10 
REFLO 
Negative 
Reference 
Input. 


11 
INHI 
Positive Analog 
Input. 


12 
INLO 
Negative 
Analog 
Input. 


13 
Common 
Internally 
generated 
voltage 
which is typically 
within ± 50 mV of % (Vee 
- 
Vss) and has 1.4 kfi 
output 
impedance. 
This pin is normally 
left open or bypassed 
with a 0.1 ,...Fcapacitor 
to signal 
ground. 


14 
Vss 
Negative 
supply voltage, 
normally 
ground. 


15 
Vos 
Display 
negative 
voltage, 
establishes 
the pk-pk display 
drive. 


16-28 
BP13-BP1 
LCD backplane 
drivers. 


29-36 
SegO-Seg7 
LCD segment 
drivers. 


37 
Sign 
Positive 
sign segment 
driver. 


38 
Segz 
Annunciator 
driver selected 
by Az. 


39 
Segy 
Annunciator 
driver selected 
by Ay. 


40 
Segx 
Annunciator 
driver selected 
by Ax. 
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Figure 3: ICL7182 using the internal 
reference. 
Values shown are for 1.000V fUll-scale, 25 readings 
per second, 
single 5V supply. 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(Continued) 
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ys. Temperature 
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FUNCTIONAL 
DESCRIPTION 


A functional 
diagram 
of the 
ICL7182 
AID 
converter 
is 
shown 
in Figure 
2. The device 
operates 
on the cyclic 
con- 
verter 
principle 
implemented 
with switched 
capacitor 
ampli- 
fiers. Analog 
switches 
are closed 
sequentially 
by state 
ma- 
chine 
control 
logic to sample 
the input and perform 
a multi- 
ply-by-two 
and delay function. 
The sampled 
input charge 
is 
recirculated 
and 
compared 
to the 
reference 
to determine 
the weight 
of each bit. The sign is determined 
first and after 
18 cycles 
a 9-bit 
binary 
code 
is latched 
and the display 
is 
updated. 


Under 
normal 
operation 
the conversion 
requires 
32 clock 
cycles 
and the display 
updates 
once 
every 
2048 
clock 
cy- 
cles. 
Before 
and during 
the conversion 
the supply 
current 
for the 
analog 
section 
increases 
from 
typically 
300 
!-,A to 
1.3 mA and remains 
high for a total of 96 clock 
cycles. 
The 
operation 
proceeds 
as follows: 


Clock 
Cycle 
Operation 


0-96 
Supply current 
increases 
from 300 !-,A to 
1.3mA 


0-47 
Converter 
autozero 
begins 


48 
IN LO is sampled 


49 
IN HI is sampled 


50-70 
REF LO and REF HI are sampled 
once 
per clock cycle 


71-77 
Converter 
output 
is latched 
and display 
is 
updated 


78-2047 
Supply current 
decreases 
from 1.3 mA to 
300!-'A 


2048 
New conversion 
begins 


The changing 
supply current 
may result in a noisy reading 
if the 
supply 
dynamic 
impedance 
is high. This 
can 
be re- 
solved 
by using a supply 
bypass 
capacitor. 


Analog Inputs 


The analog 
and reference 
inputs 
are guaranteed 
to cor- 
rectly 
operate 
within 
the 
supply 
voltage. 
Both 
inputs 
will 
continue 
to function 
200 mV to 400 mV outside 
of the sup- 
plies 
but the converter 
specifications 
degrade 
as the input 
protection 
diodes 
become 
forward 
biased. 


As the 
reference 
and 
analog 
inputs 
are sampled, 
tran- 
sient 
currents 
flow from 
the inputs 
to charge 
small 
internal 
capacitors. 


These 
transient 
currents 
occur 
at the leading 
edge of the 
internal 
clock 
and decay 
at a rate determined 
by the input 
capacitance 
of 
the 
converter 
and 
the 
source 
resistance. 
Source 
resistances 
larger than Rs given in the equation 
be- 
low will cause 
conversion 
errors. 


1 
Rs (max) = ---- 
6 (Fosc) (Cin) 


Where: 
Fosc 
= Oscillator 
frequency 


Cin = 40 pF, typical 
input capacitance 


Rs = Source 
resistance 
Input Bypass Capacitor 


For 
source 
resistances 
larger 
than 
Rs above 
(typically 
80 
kO) 
bypass 
capacitors 
across 
the 
inputs 
will 
average 
these 
charging 
currents 
and 
cause 
a small 
DC current 
to 
flow through 
the output 
resistance 
of the analog 
and refer- 
ence source 
signals. 
The average 
input current 
is a function 
of the common 
mode 
voltage 
and the oscillator 
frequency 
(see typical 
graphs). 
This 
current 
is typically 
2 nA for the 
analog 
input and 6 nA for the reference 
input. The effects 
of 
the voltage 
drops 
across 
source 
resistances, 
due to the av- 
erage 
value 
of input 
current, 
can be compensated 
by full- 


scale 
adjustment 
while 
the given 
source 
resistor 
and input 
bypass 
capacitor 
are in place. 
Reference Output 


The 
internal 
bandgap 
reference 
behaves 
like 
a 2.56V 
zener 
with 
the cathode 
tied to Vcc 
and the anode 
tied to 
VRout. 
The regulator 
circuitry 
maintains 
a low 1.30 
output 
impedance 
for 
bias 
currents 
through 
the 
zener 
between 
90 !-,A and 2 mA. At minimum 
supply 
voltage 
the 
internal 
20 kO resistor 
will provide 
10!-'A 
of current 
sink into VRout. 


The minimum 
sink current 
may be increased 
by adding 
an 
external 
resistor 
from VRout 
to Vss. 


The 
reference 
is internally 
trimmed 
to 
within 
1.5% 
of 
2.56V. The reference 
output 
can be externally 
divided 
(see 
Figure 
3) to establish 
the full-scale 
input. 
Two 
fixed 
value 
resistors 
with 1% tolerance 
will relate to a system 
accuracy 
of 2% RMS. 


• 


~ 
Display Drive 


The 
binary 
output 
of the 
AID 
converter 
is encoded 
to 
drive 
8 
segments 
that 
serpentine 
across 
thirteen 
back- 
planes 
of an LCD display. 
The backplanes 
are driven 
with 
three 
level 
signals 
and 
the 
segment 
lines 
are driven 
with 
two level signals. 
The three 
levels 
of the backplane 
are set 
by the 
Vee 
supply, 
the 
Vos 
supply, 
and 
the 
output 
of a 
voltage 
divider 
which 
is connected 
between 
Vee 
and Vos. 
The two levels 
of the segment 
drive are set by the Vee and 
Vos supplies. 


The 
bargraph 
takes 
advantage 
of the fact 
that 
above 
a 
particular 
segment 
all segments 
will be off and below 
that 
segment 
all segments 
will be on, also that 
only one back- 
plane 
will have 
segments 
which 
are both 
on and off. The 
backplanes 
with 
all segments 
off 
are driven 
with 
an 
"off 
backplane" 
waveform, 
the backplanes 
with all segments 
on 
are driven 
with an "on 
backplane" 
waveform, 
and the one 
backplane 
with 
both 
on and off segments 
is driven 
with 
a 
"unique 
backplane" 
waveform. 
The off segments 
are driven 
with 
an off 
segment 
waveform 
and 
the 
on segments 
are 
driven 
with 
an on segment 
waveform 
with 
respect 
to the 
unique 
backplane. 
The sign segment 
and annunciator 
seg- 
ment drives 
are designed 
for use with respect 
to BP1. The 
phasing 
between 
display 
waveforms 
is shown 
in Figure 4. 
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The 
LCD segments 
appear 
ON when 
the 
RMS 
voltage 
between 
the backplane 
and segment 
drives 
is greater 
than 
the 90%-ON 
voltage 
of the LCD fluid, and they appear 
OFF 
when 
the RMS voltage 
is less than 
10%-ON 
voltage 
of the 
LCD fluid. 
For the y. multiplexed 
(duplex) 
waveforms 
used 
on the ICL7182 
a 2.25:1 
contrast 
ratio is achieved. 


Display Set Voltage 


The Vos 
pin sets the peak-to-peak 
amplitude 
of the dis- 
play 
drive 
waveforms. 
This 
voltage 
should 
be selected 
to 
give 
maximum 
contrast 
for a particular 
LCD fluid type 
and 
temperature. 
Good 
contrast 
ratio 
is obtained 
if Vos 
is set 
within 
the range determined 
by the equation 
below. 


(1.27)(Vthgo%) 
,;; (Vee 
- 
Vos) 
,;; (2.26)(VthwM 


Where: 
VthgO% = 90% 
ON Visual Threshold 


Vth10% = 10% ON Visual Threshold 


For 
example 
the 
Hamlin 
Inc. 
type 
02 
LCD 
fluid 
has 
VthgO% = 3.05V 
and Vth10% 
= 2.2V, 
therefore 
the 
best 
contrast 
is achieved 
when 
Vee 
- 
Vos 
is set between 
3.9V 
and 5V. For most applications 
where 
Vee 
is tied to a + 5V 
supply 
the Vos 
pin can be tied to ground. 


To accommodate 
a large range of temperatures 
and fluid 
types 
the Vos 
pin can be driven 
above 
or below 
Vss. 
The 
voltage 
difference 
between 
Vee 
and 
Vos 
can 
vary 
from 
from 
3V to 7V. For Vee 
- 
Vos 
less 
than 
3V the 
output 
impedance 
of the backplane 
drivers 
increase 
substantially. 


The dependence 
of display 
drive output 
impedance 
on Vos 
and 
temperature 
is 
shown 
in 
the 
typical 
performance 
curves. 
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Figure 6: Temperature 
Dependence 
of LC Threshold 


Temperature Effects and 
Temperature Compensation 


The performance 
of the IC material 
is affected 
by temper- 


ature 
in two 
ways. 
The 
response 
time 
of 
the 
display 
to 
changes 
in applied 
RMS voltage 
gets longer 
as the display 
temperature 
drops. At very low temperatures 
(- 20°C) some 
displays 
may take 
several 
seconds 
to change 
a new char- 
acter 
after 
the 
new 
information 
appears 
at 
the 
outputs. 


However, 
for most applications 
above 
O°C this will not be a 
problem 
with 
available 
multiplexed 
LCD materials, 
and for 
low-temperature 
applications, 
high-speed 
liquid crystal 
ma- 
terials 
are available. 
One high temperature 
effect 
to consid- 
er deals 
with 
plastic 
materials 
used to make the polarizer. 


Some polarizers 
become 
soft at high temperatures 
and per- 


manently 
lose their 
polarizing 
ability, 
thereby 
seriously 
de- 
grading 
display 
contrast. 
Some 
displays 
also 
use 
sealing 
materials 
unsuitable 
for high temperature 
use. Thus, 
when 
specifying 
displays 
the following 
must be kept in mind: liquid 
crystal 
material, 
polarizer, 
and seal materials. 


A more important 
effect 
of temperature 
is the variation 
of 
threshold 
voltage. 
For typical 
liquid 
crystal 
materials 
suit- 
able 
for multiplexing, 
the 
peak 
voltage 
has a temperature 
coefficient 
of - 7 to -14 mVrc. This means 
that as tem- 


(\I 
CD.•. 
•.... 


perature 
rises, the threshold 
voltage 
goes 
down. 
Assuming 
d 
a fixed value 
for Vp, when 
the threshold 
voltage 
drops 
be- 
- 
low Vp/3 
OFF segments 
begin to be visible. 
Figure 6 shows 
the temperature 
dependence 
of peak voltage 
for the same 
liquid crystal 
material 
of Figure 
5. 


For applications 
where 
the display 
temperature 
does 
not 
vary 
widely, 
Vp may 
be set 
at a fixed 
voltage 
chosen 
to 
make the RMS OFF voltage, 
Vp/3, 
just below the threshold 
voltage 
at the highest 
temperature 
expected. 
This will pre- 
vent OFF segments 
turning 
ON at high temperature 
(this at 
the cost 
of reduced 
contrast 
for ON segments 
at low tem- 


peratures). 


For applications 
where 
the display 
temperature 
may vary 
to wider 
extremes, 
the display 
voltage 
VOISP (and thus Vp) 
may 
require 
temperature 
compensation 
to 
maintain 
suffi- 
cient contrast 
without 
OFF segments 
becoming 
visible. 


Display Voltage and Temperature 
Compensation 


These 
circuits 
allow control 
of the display 
peak voltage 
by 
bringing 
the bottom 
of the voltage 
divider 
resistor 
string out 
at pin 15. The simplest 
means 
for generating 
a display 
volt- 
age suitable 
to a particular 
display 
is to connect 
a potenti- 
ometer 
from 
pin 15 to Vss as shown 
in Figure 7. A potenti- 
ometer 
with a maximum 
value 
of 100 kO should 
give suffi- 


cient range of adjustment 
to suit most displays. 
This method 
for generating 
display 
voltage 
should 
be used only in appli- 


cations 
where the temperature 
of the chip and display won't 
vary more 
than 
±5°C (± gOF), as the resistors 
on the chip 
have 
a positive 
temperature 
coefficient, 
which 
will tend 
to 
increase 
the display 
peak voltage 
with an increase 
in tem- 


perature. 
The 
display 
voltage 
also 
depends 
on the 
power 
supply 
voltage, 
leading 
to tighter 
tolerances 
for wider 
tem- 


perature 
ranges. 
• 


r 


10nF 


Figure 7: Simple Display 
Voltage 
Adjustment 


cot 
CD.•. 
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~ 
Display Set Voltage 
(Continued) 


0093-16 
Fi,gure 8A: Temperature 
compensation 
and contrast 
adjustment 
for LCD fluid types which have visual 
threshold 
tempcos 
of - 
-10 
mVrc and operate 
witho3V,to 4.0V. 


0093-17 


Figure 8B: Generating 
a negative 
supply from + 5V to drive the display voltage 
pin below ground. 
This 
alioV/s use of wide temperature 
LCD fluids which require 
peak-peak 
display 
drives of 3.5V to 7V. For LCD 
fluids which have threshold 
tempcos 
of - 
-8 
mVrC 
the collector 
of 01 and 200 kl1 resistor 
should 
be tied 
to VROUT.for larger threshold 
tempcos 
of - 
-16 
mVrc this point should be tied to Vcc. 


+SV 


GND 
~ 
I 


Vcc 


Vsu 


ICL7664 


VOUT1 e---- 
ICl7182 


vou" 
V •• 


VIH_ 
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0093-18 
Figure 9: Conceptually 
a flexible 
LCD contrast 
and temperature 
compensation 
using an ICL7664 can be designed 
in this manner. This technique 
allows adjusting 
the display 
voltage 
and temperature 
compensation 
independently. 


Display Layout 


Custom 
displays 
developed 
for the 
ICL7182 
need 
to be 
arranged 
such 
that 
the 8 segment 
lines serpentine 
across 
13 backplanes. 
The annunciators 
and first eight 
data 
seg- 
ments 
share 
a common 
backplane 
(BP1). An example 
lay- 
out is shown 
in Figure 
10. This 1.3" 
by 4.5" 
display 
is avail- 
able from Hamlin 
Inc. (part # 4464-363-921) 
for prototyping 
and evaluation. 
Custom Display 
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• 
ANN(C, F) 
• 
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• 
ANN (C) 
• 
ANN (V, C, F) 
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• 
BP 13 
• 
BP 12 


• BP11 
• 
BP 10 


_BP1 


_BP13 
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-_BP11 
BP 10 
!:r~, 
~::: 
'---BP10 


BP9 
• BP9 
_BP9 
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• BPS 
_BPS 


• BP7 
_BP7 
• BP6 
-BP6 
SEG7 


• BPS 
SEG6 
-BPS 
• BP4 
SEGS 
- 
BP4 
SEG4 


• BP3 
• BP2 


• 
BP 1 


SEG3 
SEG2 
SEG1 
SEGO 


_BP3 
_BP2 


-BP1 
• 


0093-20 
Figure 11: 7182 using the internal 
reference. 
Values shown are for 1.00V full-scale, 
1% adjustment 
sensitivity, 
24 readings 
per second, 
6V floating 
supply 
(four stacked 
1.5V dry cells).' 


0093-21 
Figure 12: 7182 using the internal 
reference 
and ICL7660 as a supply 
regulator. 
This allows sensing 
ground 
reference 
bipolar 
inputs with a single + 5V supply. 
Values shown for 1.00V full-scale, 
0.25% adjustment 
sensitivity. 
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Figure 14: 7182 measuring ratio metric values of Quad Load Cell. 
The resistor values within bridge are determined 
by the desired sensitivity. 
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APPLICATIONS 
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C, 
220pF 
0-l 


INPUT 
FROM 
SENSOR 
C1 


lOOpF 


Vc~= 
1/RC 


VIN 
S + 1/R3C3 


1 
fc=--- 
2"R3C3 


SW1 Momentary 
Switch 
SPST 


VIN = 264 mV 
@ 5000 RPM 
4 Stroke 
V8 


NC 
R, 
C, 


W 
11M 
0.47 
F 


NO 


VDD 
VDD 


R, 


Roo 
12K 


400K 


R, 


R, 
10K 
lOOK 


RPM 
Hz 
Period 


600 
10 
100ms 


1000 
16.7 
60 ms 


5000 
83 
12 ms 


10,000 
166.7 
6ms 


7 


VDD 


11 
IN HI 


ICL 
7182 


U3 


12 


IN LO 


8 
VROU1 


9 
REF HI 


10 
AEF 
LO 


vss 


14 


No. of 
Events 
Strokes 


Cylinders 
Per Cycle 
Per Cycle 


1 
0.5 
4 


4 
2 
4 


6 
3 
4 


8 
4 
4 


AD59D 
Temp. 
Sensor 


Duplexed 
LCD 
Display 


Deea" show that AID 
can 
be Ml. 
for 
both OCand or 


Decal 
Decal 
Decal 
I;~ll;~ll;~l 


Figure 16: Basic digital thermometer, 
Celsius and Fahrenheit 
scales. 
This Vos pin can be connected 
as shown 
in Figure 11. 
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• 


HI-7159 


ICL7104/1CL8052 


ICL710411CL8068 


ICL7109 


ICL7135 


Microprocessor-Compatible 
5V2-Digit AID Converter. 
. . . . . . . . . . . . . . . . . . . . . 
3-2 


14/16-Bit 
I.IP-Compatible 
2-Chip 
AID 
Converter. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
3-3 


14/16-Bit 
I.IP-Compatible 
2-Chip 
AID 
Converter. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
3-3 


12-Bit I.IP-Compatible 
AID 
Converter 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-24 


4V2-Digit 
BCD Output 
AID 
Converter. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-44 
• 


ro HARRIS 
\&I 


• ±200,OOO Count AID Converter 


• 2V Full Scale Reading With 10~V Resolution 


• 15 Conversions 
Per Second in 5'12 Digit Mode 


• 60 Conversions 
Per Second in 4'12 Digit Mode 


• Serial or Parallel Interface 
Modes 


• Four Selectable 
Baud Rates 


• DiffE,renlial Analog Input 


• DiffE,rential Reference Input 


• Digital Autozero 


• Weigh Scales 


• Part Counting 
Scales 


• Laboratory 
Instruments 


• Process Control/Monitoring 


• Energy Management 


• Seismic Monitoring 


HI-7159 


Microprocessor 
Compatible 
51f2 Digit AID Converter 


The Harris HI-7159 is a monolithic NO converter that uses 
a unique dual slope technique which allows it to resolve in- 
put changes as small as 1 part in 200,000 (1O~V)without 
the 
use 
ot 
critical 
external 
components. 
Its 
digital 
autozeroing feature virtually eliminates zero drift over 
temperature. The device is fabricated in Harris' proprietary 
low noise SiMOS process, resulting in exceptional linearity 
and noise performance. 


The HI-7159's resolution can be switched between a high 
resolution 200,000 
count 
(5'12 
digit) mode, and a high 
speed 20,000 count (4'12 digit) mode without any hardware 
modifications. 
In the 4V, 
digit 
uncompensated 
mode, 
speeds of 60 conversions per second can be achieved. The 
HI-7159 
is designed to be easily 'interfaced with most 
microprocessors through either of its two serial and one 
parallel interface modes. In the serial modes, anyone of four 
common Saud rates is available. 


TEMPERATURE 
RANGE 


(JOCto +750C 


SEl 


XTAL 


DGND 


P7/BRS1 


P6/BRSO 


P5!SAD3 


P4/SAD2 


P3/SAD1 


P2/SADO 


P1/SMSI 


PO/SMSO 


CS/SAD4 


WR/TXD 


RD/ftXD 


CREF+ 
7 


CREF+ 
GUARD 


VREF HI 
9 


VREF 
LO 


AGNO 


V1NH1 


VINLO 


VEE 


VREF HI 


VREF 
LO 


VIN HI 


VIN LO 


BUS 
INTERFACE 
UNIT 


~u 
=:::. 
co 
coo 
COg 
GENERAL 
DESCRIPTION 


" 
The 
ICL7104, 
combined 
with 
the 
ICL8052 
or ICL8068, 
C 
forms 
a member 
of Harris' 
high performance 
AID 
converter 
• 
family. 
The ICL7104-16, 
performs 
the analog 
sWitching 
and 
••• 
digital 
function 
for a 16-bit 
binary 
AID 
converter, 
with 
full 
o 
three-state 
output, 
UART 
handshake 
capability, 
and 
other 
;:: 
outputs 
for easy interfacing. 
The ICL7014-14 
is a 14-bit ver- 


~ 
sion. The analog 
section, 
as with all Harris' 
integrating 
con- 
U 
verters, 
provides 
fully 
precise 
Auto-Zero, 
Auto-Polarity 
(in- 
=:::. 
cluding 
±O null indication), 
single 
reference 
operation, 
very 
:; 
high input impedance, 
true input integration 
over a constant 
o 
period 
for maximum 
EMI rejection, 
fully 
ratiometric 
opera- 
CO 
tion, over-range 
indication, 
and a medium 
quality 
built-in 
ref- 
~ 
erence. 
The chip 
pair also offers 
optional 
input 
buffer 
gain 
g 
for 
high 
sensitivity 
applications, 
a built-in 
clock 
oscillator, 


and output 
signals for providing 
an external 
Auto-Zero 
capa- 


bility in preconditioning 
circuitry, 
synchronizing 
ex1ernal mul- 
tiplexers, 
etc. 


Part Number 
Temp. 
Range 
Package 


ICL8052CPD 
O'Cto 
+70'C 
14-Pin Plastic DIP 


ICL8052CDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8052CJD 
O'Cto 
+70'C 
14-Pin CERDIP 


ICL8052ACPD 
O'Cto 
+70'C 
14-Pin Plastic DIP 


ICL8052ACDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8052ACJD 
O'Cto 
+70'C 
14-Pin CERDIP 


+11Y 
-11V 
r~-l 
l:i~1 


a ••u ." •.",,,,v,,,/ ." •.•• 
V...•. 
14/16-Bit 
fLP-Compatible 
2-Chip 
AID 
Converter 


FEATURES 


• 16/14 
Bit Binary 
Three-State 
Latched 
Outputs 
Plus 
Polarity 
and Overrange 


• Ideally 
Suited 
for Interface 
to UARTs 
and 
Microprocessors 


• Conversion 
On Demand 
or Continuously 


• Guaranteed 
Zero 
Reading 
for Zero 
Volts 
Input 


• True 
Polarity 
at Zero Count 
for Precise 
Null 
Detection 


• Single 
Reference 
Voltage 
for True 
Ratiometric 
Operation 


• Onboard 
Clock 
and Reference 


• Auto-Zero; 
Auto-Polarity 


• Accuracy 
Guaranteed 
to 1 Count 


• All Outputs 
TTL Compatible 
• ± 4V Analog 
Input Range 


• Status 
Signal Available 
for External 
Sync, AIZ 
in 
Preamp, 
etc 
• 


Part Number 
Temp. 
Range 
Package 


ICL8068CDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8068ACDD 
O'Cto 
+70'C 
14-Pin Ceramic 
DIP 


ICL8068ACJD 
O'Cto 
+70'C 
14-Pin CERDIP 


ICL7104-14CPL 
O'Cto 
+70'C 
40-Pin Plastic DIP 


ICL7104-16CPL 
O'Cto 
+70'C 
40-Pin Plastic DIP 


·"11'1-- 
1••••• 
12 •••-- 
"',...,. .•... 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PAODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTOAY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ICL7104 


V+ 
Supply (GNDtoV+) 
12V 
V+ + to V- 
32V 
Positive 
Supply Voltage 
(GND to V+ +) 
17V 
Negative 
Supply Voltage 
(GND to V-I 
-17V 
Analog 
Input Voltage 
(Pins 32 - 39) (4) 
V+ + to V- 


Digital 
Input Voltage 
(Pins 2 - 30) (S) 
(GND-0.3V) 
to (V+ + 0.3V) 


Power Dissipation 
(1) All Devices 
SOOmW 
Storago 
Temperature 
-6S·C 
to + 1S0·C 
Operating 
Temperature 
O·C to + 70·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 
ICL8052, 
8068 


Supply Voltage 
± 18V 
Differential 
Input Voltage 
(8068) 
±30V 
(80S2) 
± 6V 
Input Voltage 
(2) 
± 1SV 
Output 
Short 
Circuit 
Duration, 


All Outputs 
(3) 
Indefinite 
NOTE 1 Dissipation 
rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature 
below + 70"C. For higher 


temperatures. 
derate 
10mW/-C. 


2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
3: Short circuit may be to ground or either supply. Rating applies to + 70·C ambient temperature. 
4 Input voltages 
may exceed the supply voltages provided the input current is limited to ± l00"..A. 


5: Connecting 
any digital inputs or outputs to voltages 
greater than V + or less than GNO may cause destructive 
device 
latchup. 
For this reason it is 
recommended 
that no inputs from sources not on the same power supply be applied to the ICL7104 before its power supply is established. 


NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 
-- 
Y" 
Y" 
'" . Y- 


INTEGRATOR 
DIGGND 
DIG GND 
· 
COMPIN 
OUT 
sns 
sns 
• 
REFCAP 
1 


POL. 
POL 
YREF 
CO.IP 
BUFFER 
D.R. 
O.R. 
· 
AZ 
OUT 
(-HN) 
BIT 1e 
BIT 14 . 
· 
ANALOG 
GND 


BIT 15 
BIT 13 
, 
.. 
REFCAP 
2 


RItF 
INTEGRATOR 
BIT 14 
I 
BIT 12 
I 
.. 
BUF IN 
CI.P 
(+IN) 
BIT 13 
I 
ICL7104 
BIT 11 . ICL7104 
.. 
ANALOG 
liP 
BIT 12 
" 


·16 
BIT 10 
10 -14 
.. 
Y+ 


REF 
INTEGRATOR 
BIT 11 
" 


BIT t 
• 
efi[I) 
PASS 
(-IN) 
BIT 10 
" 


N.C. 
• 
SEN 
BITt 
" 
N.C. 
" 
• 
Rlii 


GND 
BUFFER 
BIT e 
..• 
BITe 
.. 
., 
MODE 


(-IN) 
BITJ 
" 
BIT7 
II 
• 
CLOCK 2 


BITe 
II 
BITe 
II 
• 
CLOCK 
1 


REF 
BUFFER 
BIT 5 
" 
BITS 
" 
.. 
, NOTE •... 
-11 
-11 
OUf 
OUT 
BIT4 
" 
BIT 4 
II 
n 
•• 
a.0ClC 
• 
BIT 3 
BIT 3 
., 
.. 
LiEN 
•• - 
REF 
Y+ 
BIT2 
BIT 2 
.. 
BIT 1 
SUPPLY 


0346-2 
(OUTLINE DWGS DL, JL, PL) 
Figure 
2: Pin Configurations 


ICL7104 
ELECTRICAL 
CHARACTERISTICS 
(v+ 
= 
+SV, 
v+ 
+ 


fCLOCK = 200 kHz) 


Symbol 
Characteristics 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


IIN 
Clock Input 
CLOCK 
1 
Vin= 
+SVto 
OV 
±2 
±7 
±30 
IJ.A 


IIN 
Comparator 
liP 
COMP 
IN (Note 1) 
Vin=OVto 
+SV 
-10 
±0.001 
+10 
IJ.A 


IIH 
Inputs 
MODE 
VIN= 
+SV 
+1 
+S 
+30 
IJ.A 


IlL 
with Pulldown 
Vin=OV 
-10 
±0.01 
+10 
IJ.A 


IIH 
Inputs 
SEN, RIA 
Vin= 
+SV 
-10 
±0.01 
+10 
IJ.A 


IlL 
with 
LBEN, MBEN, 
} 
(Note 2) 
Vin=OV 
-30 
-S 
-1 
IJ.A 


Pullups 
HBEN, CE/LD 


~o 
'P",.. 
d 
ICL7104 ELECTRICAL 
CHARACTERISTICS 


::::. 
(v+ 
= 
+5V, 
v++ 
= 
+15V, 
v- 
= 
-15V, 
TA = 
25°C, fClOCK 
= 
200 kHz) (Continued) 
CO 
10o 
CO 
..I 
!:! 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


VIH 
Input High Voltage 
All Digital Inputs 
2.5 
2.0 
- 
V 


Vil 
Input Low Voltage 
All Digital Inputs 
1.5 
1.0 
V 


VOL 
Digital 
LBEN 
} 


IOl =1.6mA 
- 
0.27 
.4 
V 


VOH 
Outputs 
MBEN (16-only) 
(Note 3) 
IOH= -1OfLA 
4.5 
- 
V 


VOH 
Three-Stated 
HBEN 
IOH= -240fLA 
2.4 
3.5 
- 
V 


On 
CE/LD 


BIT n, POL, OR 


IOl 
Digital Outputs 
BIT n, POL, OR 
0-5:Vout-5:V+ 
-10 
±.001 
+10 
fLA 
Three-Stated 
Off 


VOL 
Non-Three 
State 
sns 
IOl =3.2mA 
- 
0.3 
.4 
V 


VOH 
Digital 
tOH= -400fLA 
2.4 
3.3 
- 
V 


VOL 
Output 
CLOCK 2 
tOl = 320fLA 
0.5 
V 


VOH 
IOH= -320fLA 
4.5 
V 


VOL 
CLOCK 3 (-14 
ONLY) 
IOl =1.6mA 
0.27 
.4 
V 


VOH 
IOH= -320fLA 
2.4 
3.5 
V 


ROS(onj 
Switch 
1 
- 
25k 
n 


ROS(on) 
Switches 
2,3 
- 
4k 
20k 
n 


ROS(on) 
Switch 
Switches 
4,5,6,7,8,9 
- 
2k 
10k 
n 


10(011) 
Switch 
Leakage 
- 
15 
pA 


fClOCK 
Clock 
Clock Freq. (Note 4) 
DC 
200 
400 
kHz 


1+ 
Supply Currents 
+ 5V Supply Current 
Freq. = 200kHz 
200 
600 
fLA 
All outputs 
high impedance 


1++ 
+ 15V Supply Current 
Freq. = 200kHz 
.3 
1.0 
mA 


1- 
- 15V Supply Current 
Freq. = 200kHz 
25 
200 
fLA 


V+ 
Supply Voltage 
Logic Supply 
Note 5 
4.0 
+11.0 
V 


V++ 
Range 
Positive 
Supply 
+10.0 
+16.0 
V 


V- 
Negative 
Supply 
-16.0 
-10.0 
V 
• 


NOTES: 1. This spec applies when not in Auto-Zero phase. 
2. Apply only when these pins are inputs, i.e., the mode pin is low, and the 7104 is not in handshake mode. 
3. Apply only when these pins are outputs, i.e., the mode pin is high or the 7104 is in handshake mode. 
4. Clock circuit shown in Figs. 15 and 16. 
5. V + must 
not be more positive than V + + 


Symbol 
Characteristics 
Test Conditions 
8068 
8068A 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


EACH OPERATIONAL 
AMPLIFIER 


VOS 
Input Offset 
Voltage 
VCM=OV 
20 
65 
20 
65 
mV 


IIN 
Input Current 
(either input) (Note 1) 
VCM=OV 
175 
250 
80 
150 
pA 


CMRR 
Common-Mode 
Rejection 
Ratio 
VCM= 
±10V 
70 
90 
70 
90 
dB 


Non-Linear 
Component 
of Common- 
VCM= 
±2V 
110 
110 
dB 


Mode Rejection 
Ratio (Note 2) 


Av 
Large Signal Voltage 
Gain 
RL =50kfl 
20,000 
20,000 
VIV 


SR 
Slew Rate 
6 
6 
V/p.s 


GBW 
Unity Gain Bandwidth 
2 
2 
MHz 


ISC 
Output 
Short-Circuit 
Current 
5 
5 
mA 


COMPARATOR 
AMPLIFIER 


AVOL 
Small-signal 
Voltage 
Gain 
RL =30kfl 
4000 
VIV 


+Vo 
Positive 
Output Voltage 
Swing 
+12 
+13 
+12 
+13 
V 


-yo 
Negative 
Output 
Voltage 
Swing 
-2.0 
-2.6 
-2.0 
-2.6 
V 


VOLTAGE 
REFERENCE 


Vo 
Output 
Voltage 
1.5 
1.75 
2.0 
1.60 
1.75 
1.90 
V 


Ro 
Output 
Resistance 
5 
5 
fl 


TC 
Temperature 
Coefficient 
50 
40 
ppml"C 


VSUPPLY 
Supply Voltage 
Range 
±10 
±16 
±10 
±16 
V 


ISUPPLY 
Supply Current 
Total 
14 
8 
14 
mA 


Symbol 
Characteristics 
Test Conditions 
8052 
8052A 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


EACH OPERATIONAL 
AMPLIFIER 


VOS 
Input Offset 
Voltage 
VCM=OV 
20 
75 
20 
75 
mV 


IIN 
Input Current 
(either input) (Note 1) 
VCM=OV 
5 
50 
2 
10 
pA 


CMRR 
Common-Mode 
Rejection 
Ratio 
VCM= 
±10V 
70 
90 
70 
90 
dB 


Non-Linear 
Component 
of Common- 
VCM= 
±2V 
110 
110 
dB 
Mode Rejection 
Ratio (Note 2) 


Av 
Large Signal Voltage 
Gain 
RL =50kfl 
20,000 
20,000 
VIV 


SR 
Slew Rate 
6 
6 
V/p.s 


GBW 
Unity Gain Bandwidth 
1 
1 
MHz 


ISC 
Output 
Short-Circuit 
Current 
20 
20 
mA 


COMPARATOR 
AMPLIFIER 


AVOL 
Small-signal 
Voltage 
Gain 
RL =30kfl 
4000 
VIV 


+VO 
Positive 
Output Voltage 
Swing 
+12 
+13 
+12 
+13 
V 


-yo 
Negative 
Output Voltage 
Swing 
-2.0 
-2.6 
-2.0 
-2.6 
V 
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::::. 
NOTES: 
1. 
The 
input 
bias 
currents 
are junction 
leakage 
currents 
which 
approximately 
double 
for every 
10°C 
increase 
in the junction 
temperature, 
T J. Due 
to limited 
C'1 
production 
test time, the input bias currents 
are measured 
with junctions 
at ambient 
temperature. 
In normal operation 
the junction 
temperature 
rises 


1ft 
above 
the ambient 
temperature 
as a result of internal power dissipation, 
Pd. T J = T A+ ROJAPd where 
ROJA is the thermal 
resistance 
from junction 
to 
o 
ambient. 
A heat sink can be used to reduce temperature 
rise. 
3 
2. This is the only component 
that causes 
error in dual-slope 
converter. 
S! 


Symbol 
Characteristics 
Test Conditions 
8052 
8052A 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


VOLTAGE 
REFERENCE 


Vo 
Output Voltage 
1.5 
1.75 
2.0 
1.60 
1.75 
1.90 
V 


Ro 
Output 
Resistance 
5 
5 
n 


TC 
Temperature 
Coefficient 
50 
40 
ppm/'C 


VSUPPLY 
Supply Voltage 
Range 
±10 
±16 
±10 
±16 
V 


ISUPPLY 
Supply Current 
Total 
6 
12 
6 
12 
mA 


SYSTEM ELECTRICAL 
CHARACTERISTICS: 
ICLS06S17104 


v- 
= -15V. 
fCLOCK= 200kHz) 
(Note 4) 


Characteristics 
Test Conditions 
8068A17104·14 
8068A17104·16 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Zero Input Reading 
Vin=O.OV 
-00000 
±OOOOO +00000 
-00000 
±OOOOO 
+00000 
Counts 
VREF=2.000V 


Ratiometric 
Error(1) 
Vin = VREF = 2.0000V 
-1 
0 
+1 
-1 
0 
+1 
LSB 


Linearity 
over 
± Full Scale (error 


-4VSVinS 
+4V 
0.5 
1 
0.5 
1 
LSB 
of reading 
from best straight 
line) 


Differential 
Linearity 
(difference 


between 
worst case step of 
-4VsVins 
+4V 
.01 
.01 
LSB 
adjacent 
counts 
and ideal step) 


Rollover 
error (Difference 
in 


reading for equal positive 
& neg- 
-Vin= 
+Vin 
"" 4V 
0.5 
1 
0.5 
1 
LSB 
ative voltage 
near full scale) 


Noise (P-P value not exceeded 
Vin=OV 
2 
2 
,..V 
95% of time) 
Full scale=4.000V 


Leakage 
Current 
at Input (2) 
Vin=OV 
100 
165 
100 
165 
pA 


Zero Reading 
Drift 
Vin=OV 
0.5 
0.5 
,..vrc 
0·CsTAs70·C 


Scale Factor 
Temperature 
(3) 
Vin= 
+4V 
2 
5 
2 
5 
ppmrc 
OsTAs50·C 
Coefficient 
ext. ref. Oppmrc 


• 


SYSTEM ELECTRICAL 
CHARACTERISTICS: 
ICL805217104 
(v+ 
+ = + 15V, v+ 
= +5V, 


v- 
= -15V, 
fCLOCK = 200kHz) 
(Note 4) 


Characteristics 
Test Conditions 
8052A17104·14 
8052A17104·16 
Unit 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Zero Input Reading 
Vin = O.OV 
-00000 
±OOOOO +00000 
-00000 
±OOOOO +00000 
Counts 
VREF = 2.000V 


Ratiometric 
Error (3) 
Vin = VREF = 2.0000V 
-1 
0 
+1 
-1 
0 
+1 
LSB 


Linearity 
over 
± Full Scale (error 


-4VsVins 
+4V 
0.5 
1 
0.5 
1 
LSB 
of reading from best straight 
line) 


Differential 
Linearity 
(difference 


between 
worst case step of 
-4VsVins 
+4V 
.01 
.01 
LSB 


adjacent 
counts 
and ideal step) 


Rollover 
error (Difference 
in 


reading 
for equal positive 
& 
-Vin= 
+ Vin::::4V 
0.5 
1 
0.5 
1 
LSB 


negative 
voltage 
near full scale) 


Noise (P-P value not exceeded 
Vin=OV 
/LV 
95% of time) 
Full scale=4.000V 
30 
30 


Leakage 
Current 
at Input (2) 
Vin=OV 
20 
30 
20 
30 
pA 


Zero Reading 
Drift 
Vin=OV 
0.5 
0.5 
/Lvrc 
OsTAS70·C 


Scale Factor Temperature 
Vin= 
+4V 


Coefficient 
OsTAs70·C 
2 
2 
ppmrc 
(ext. ref. oppmrq 


NOTES: 
1. 
Tested 
with 
low 
dielectric 
absorption 
integrating 
capacitor. 


2. The input bias currents are junction leakage currents which approximately 
double for every 10"C increase 
in the junction temperature, 
TJ. Due to limited 


production 
test 
time, 
the 
input 
bias 
currents 
are 
measured 
with 
junctions 
at ambient 
temperature. 
In normal 
operation 
the 
junction 
temperature 
rises 


above 
the 
ambient 
temperature 
as 
a result 
of internal 
power 
dissipation, 
Pd. T J = T A + ReJAPd 
where 
RSJA is the 
thermal 
resistance 
from 
junction 
to 


ambient. 
A heat 
sink 
can 
be 
used 
to reduce 
temperature 
rise. 


3. 
The 
temperature 
range 
can 
be extended 
to 70°C 
and 
beyond 
if the 
Auto-Zero 
and 
Reference 
capacitors 
are 
increased 
to absorb 
the 
high 
temperature 


leakage 
of the 
8068. 
See 
note 
2 above. 


4. SYSTEM ELECTRICAL 
CHARACTERISTICS 
are not tested; for reference 
only. 
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Figure 5: Direct Mode Timing Diagram 


Table 
1: Direct 
Mode 
Timing 
Requirements 
(Note: Not tested 
in production) 


Symbol 
Description 
Min 
Typ 
Max 
Unit 


tbaa 
XBEN Min. Pulse Width 
300 


lcJab 
Data Access 
Time from XBEN 
300 


IcJl1b 
Data Hold Time from XBEN 
200 
ns 


tcHa 
CElLO 
Min. Pulse Width 
350 


lcJac 
Data Access 
Time from CElLO 
350 


IcJhc 
Data Hold Time from CElLO 
280 


lewh 
CLOCK 1 High Time 
1000 


Name 
Description 
Min 
Typ 
Max 
Unit 


tmw 
MODE Pulse (minimum) 
20 


tsm 
MODE pin set-up time 
-150 


tme 
MODE pin high to low Z CElLO 
high delay 
200 


tmb 
MODE pin high to XBEN low Z (high) delay 
200 


leel 
CLOCK 1 high to CElLO 
low delay 
700 
ns 


tceh 
CLOCK 1 high to CElLO 
high delay 
600 


lebl 
CLOCK 1 high to XBEN low delay 
900 


lebh 
CLOCK 1 high to XBEN high delay 
700 


tcdh 
CLOCK 1 high to data enabled 
delay 
1100 


ledl 
CLOCK 1 low to data.disabled 
delay 
1100 


tss 
Send ENable 
set-up time 
-350 


lebz 
CLOCK 
1 high to XBEN disabled 
delay 
2000 


leez 
CLOCK 
1 high to CElLO 
disabled 
delay 
2000 


lewh 
CLOCK 1 High Time 
1250 
1000 


CLOCK 
1 1_ 25) 
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Pin 
:Symbol 
Option 
Description 


1 
V+ + 
Positive 
Supply Voltage 


Nominally 
+ 15V 


2 
GND 
Digital Ground 
.OV, ground 
return 


3 
sns 
STaTuS 
output. 
HI during 


Integrate 
and Deintegrate 
until 


data is latched. 
La when analog 


section 
is in Auto-Zero 


configuration. 


4 
POL 
POLarity. 
Three-state 
output. 
HI 


for positive 
input. 


5 
OR 
OverRange. 
Three-state 
output. 


6 
BIT 16 
-16 
BIT14 
-14 
(Most significant 
bit) 


7 
BIT15 
-16 


BIT13 
-14 


6 
BIT 14 
-16 
BIT 12 
-14 


9 
BIT13 
-16 
BITll 
-14 
Data Bits, Three-state 
outputs. 


10 
BIT12 
-16 
See Table 4 for format 


BIT10 
-14 
of ENables 
and bytes. 


HIGH=true 
11 
BITll 
-16 
BIT9 
-14 


12 
BIT10 
-16 
nc 
-14 


13 
BIT9 
-16 
m: 
-14 


14 
BIT6 


15 
BIT7 


16 
BIT6 


17 
BIT5 


16 
BIT4 


19 
BIT3 


20 
BIT2 


21 
BIT 1 
Least significant 
bit. 


22 
LBEN 
Low Byte ENable. 
If not in 


handshake 
mode (see pin 27) 


when La (with CElLO, 
pin 30) 


activates 
low-order 
byte outputs, 


BITS 1-6 
When in handshake 
mode (see 


pin 27), serves as a low-byte 
flag 


output. 
See Figures 
12, 13, 14. 


23 
MBEN 
-16 
Mid Byte ENable. 
Activates 
BITS 


9-16, see LBEN (pin 22) 
HBEN 
-14 
High Byte ENable. 
Activates 
BITS 9-14, POL, OR, 


see LBEN (pin 22) 


Pin 
Symbol 
Option 
Description 


24 
HBEN 
-16 
High Byte ENable. 
Activates 


POL, OR, see LBEN (pin 22). 


CLOCK3 
-14 
RC oscillator 
pin. Can be used 


as clock output. 


Pin 
Symbol 
Description 


25 
CLOCKl 
Clock input. External 
clock or ocsillator. 


26 
CLOCK2 
Clock output. 
Crystal or RC oscillator. 


27 
MODE 
Input La; Direct output 
mode where CEI 


LD, HBEN, MBEN and LBEN act as 


inputs directly 
controUing.byte 
outputs. 
If 


pulsed 
HI causes 
immediate 
entry into 


handshake 
mode (see Figure 
14). 


If HI, enables 
CElLO, 
HBEN, MBEN, and 


LBEN as outputs. 
Handshake 
mode will 


be entered 
and data output 
as in Figures 


12 & 13 at conversion 
completion. 


26 
RIH 
Run/Hold: 
Input HI-conversions 


continously 
performed 
every 217(-16) 
or 


215(-14) 
clock pulses. 
Input LO- 


conversion 
in progress 
completed, 


converter 
will stop in Auto-Zero 
7 counts 


before 
input integrate. 


29 
SEN 
Send·ENable: 
Input controls 
timing of 


byte transmission 
in handshake 
mode. HI 


indicates 
'send'. 


30 
CElLO 
Chip-Enable/LoaD. 
With MODE (pin 27) 


La, CElLO 
serves as a master output 


enable; 
when HI, the bit outputs 
and POL, 


OR are disabled. 
With MODE HI, pin 


serves as a LoaD strobe 
(- ve going) 


used in handshake 
mode. See Figures 
12 


& 13. 


31 
V+ 
Positive 
Logic Supply Voltage. 
Nominally 


+5V. 


32 
AN liP 
ANalog 
InPut. High Side. 


33 
BUFIN 
BUFfer 
INput to analog chip (ICL6052 
or 


ICL8066) 


34 
REFCAP2 
REFerence 
CAPacitor 
(negative 
side) 


35 
AN.GND. 
ANalog 
GrouND. 
Input low side and 


reference 
low side. 


36 
A-Z 
Auto·Zero 
node. 


37 
VREF 
Voltage 
REFerence 
input (positive 
side). 


36 
REFCAPl 
REFerence 
CAPacitor 
(positive 
side). 


39 
COMP·IN 
COMParator 
INput from 6052/6068 


40 
V 
Negative 
Supply Voltage. 
Nominally 


-15V. 


" 
~ 
7104·14 


"It 
Figure 
1 shows 
the functional 
block 
diagram 
of the operating 
system. 
For a detailed 
explanation, 
refer to Figure 
7 below. 
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•• 
() 
:::::. 
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During 
Auto-Zero, 
the 
input 
of the 
buffer 
is shorted 
to 
:: 
analog 
ground 
thru 
switch 
2, and 
switch 
1 closes 
a loop 
0 
around 
the integrator 
and comparator. 
The purpose 
of the 
CO 
loop is to charge 
the Auto-Zero 
capacitor 
until the integrator 
ci 
output 
no longer 
changes 
with time. Also, 
switches 
4 and 9 
- 
recharge 
the reference 
capacitor 
to VREF. 
"C 
III 


•••o..,.. 
••u 
::::. 
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Figure 
7 shows 
the equivalent 
Circuit 
of the Analog 
Sec- 
tion of both the ICL71 04/8052 
and the ICL71 04/8068 
in the 
3 different 
phases 
of operation. 
If the Run/Hold 
pin is left 
open 
or tied to V +. the system 
will perform 
conversions 
at 
a rate determined 
by the clock 
frequency: 
131,072 
for-16 
and 32,368 
for - 
14 clock 
periods 
per cycle 
(see Figure 
9 
conversion 
timing). 


ZERO 
CROSSING 
F/F 


0 
0 


ZERO 
CROSSING 
F/F 


CL 


CL 
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~ 
Input Integrate Phase II Figure 
78 


::::. 
During 
input 
integrate 
the Auto-Zero 
loop is opened 
and 


ell) 
the analog 
input is connected 
to the buffer 
input thru switch 
8 
3. (The 
reference 
capacitor 
is still being 
charged 
to VREF 


ell) 
during 
this time.) 
If the input signal 
is zero, the buffer, 
inte- 


••• 
grator 
and comparator 
will see the same voltage 
that exist- 
!:! 
ed 
in the 
previous 
state 
(Auto-Zero). 
Thus 
the 
integrator 
'a 
output 
will not change 
but will remain 
stationary 
during 
the 
C 
entire 
Input 
Integrate 
cycle. 
If VIN is not equal 
to zero, 
an 
ca 
unbalanced 
condition 
exists 
compared 
to 
the 
Auto-Zero 
••• 
phase, 
and the integrator 
will generate 
a ramp whose 
slope 
~ 
is proportional 
to VIN' At the end of this phase, 
the sign of 
••• 
the ramp is latched 
into the polarity 
FIF. 
~ 
Deintegrate Phase III Figure 
7C & 0 


::::. 
During the Deintegrate 
phase, 
the switch 
drive logic uses 
cot 
the 
output 
of the 
polarity 
F/F 
in determining 
whether 
to 
~ 
close 
switches 
6 and 9 or 7 and 8. If the input 
signal 
was 


ell) 
positive, 
switches 
7 and 8 are closed 
and a voltage 
which 
is 


••• 
VREF more negative 
than during Auto-Zero 
is impressed 
on 
!:! 
the 
buffer 
input. 
Negative 
inputs 
will cause +VREF to be 
applied 
to the buffer 
input via switches 
6 and 9. Thus, 
the 
reference 
capacitor 
generates 
the equivalent 
of a (+) 
refer- 
ence 
or a (-) 
reference 
from 
the single 
reference 
voltage 
with negligible 
error. The reference 
voltage 
returns 
the out- 


put of the integrator 
to the zero-crossing 
point established 
in Phase 
I. The time, 
or number 
of counts, 
required 
to do 
this 
is proportional 
to the 
input 
voltage. 
Since 
the 
Deinte- 
grate 
phase 
can 
be twice 
as long 
as the 
Input 
integrate 


+15V 
-15V 
rll-l. 
'6 
8 
7 
1 


phase, 
the 
input 
voltage 
required 
to 
give 
a 
full 
scale 
reading = 2VREF. 


NOTE: 
Once a zero crossing is detected, the system automatically reverts 
to Auto-Zero phase for the leftover Oeintegrate time (unless Runl 
Hold is manipulated, see Run/Hold 
Input in detailed description, 


digital section). 
Buffer Gain 


At the 
end 
of the 
auto-zero 
interval, 
the 
instantaneous 
noise voltage 
on the auto-zero 
capacitor 
is stored, 
and sub- 
tracts 
from 
the input voltage 
while 
adding 
to the reference 
voltage 
during 
the 
next cycle. 
The 
result 
is that 
this noise 
voltage 
effectively 
is somewhat 
greater 
than the input noise 


voltage 
of the buffer 
itself during 
integration. 
By introducing 
some voltage 
gain into the buffer, the effect 
of the auto-zero 
noise 
(referred 
to the input) 
can be reduced 
to the level of 
the inherent 
buffer 
noise. This generally 
occurs 
with a buffer 
gain of between 
3 and 
10. Further 
increase 
in buffer 
gain 
merely 
increases 
the total offset 
to be handled 
by the auto- 
zero 
loop, 
and reduces 
the available 
buffer 
and 
integrator 
swings, without 
improving 
the noise performance 
of the sys- 
tem. 
The 
circuit 
recommended 
for 
doing 
this 
with 
the 
ICL8068/1CL7104 
is shown 
in Figure 8. With careful 
layout, 
the circuit 
shown 
can achieve 
effective 
input noise voltages 
on the order 
of 1 to 2 /,-V, allowing 
full 
16-bit 
use with full 
scale 
inputs 
of as low as 150mV. 
Note 
that 
at this 
level, 


thermoelectric 
EMFs between 
PC boards, 
IC pins, etc., due 
to local temperature 
changes 
can be very troublesome. 
For 
further 
discussion, 
see App. Note A030. • 


INT OUT--, 
14 
I 


COMPo 
ICOMP 
lOUT 


+5V 


ICL8052/8068 
with 
ICL7104·16 
ICL7104·14 
Unit 


Full scale VIN 
200 
800 
4000 
100 
4000 
mV 


Buffer Gain 
10 
1 
1 
10 
1 
VIV 


RINT 
100 
43 
200 
47 
180 
kfi 


CINT 
.33 
.33 
.33 
0.1 
0.1 
/'-F 


CAZ 
1.0 
1.0 
1.0 
1.0 
1.0 
/'-F 


Cref 
10 
1.0 
1.0 
10 
1.0 
/'-F 


VREF 
100 
400 
2000 
50 
2000 
mV 


Resolution 
3.1 
12 
61 
6.1 
244 
/,-V 


POLARITY 
DE~TECTED 
I 
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NUMBEROF COUNTSTO ZEROCROSSING/ 
~AFTER 
ZEROCROSSING, 


PROPORTIONALTO VON 
ANALOGSECTIONWILL 
BE IN AUTOZERO 
CONFIGURATION 


COUNTS 


PHASE 
I 
PHASE 
II 
PHASE 
III 


-16 
32768 
32768 
65536 


-14 
8192 
8192 
16384 


ICL8052 
VS ICL8068 


The ICL8052 
offers 
significantly 
lower 
input leakage 
cur- 
rents 
than 
the 
ICL8068, 
and 
may 
be found 
preferable 
in 
systems 
with high input impedances. 
However, 
the ICL8068 
has 
substantially 
lower 
noise 
voltage, 
and 
for 
systems 
where 
system 
noise 
is a limiting 
factor, 
particularly 
in low 
signal 
level conditions, 
will give better 
performance. 


COMPONENT 
VALUE 
SELECTION 


For 
optimum 
performance 
of the 
analog 
section, 
care 
must 
be taken 
in the selection 
of values 
for the integrator 
capacitor 
and 
resistor, 
auto·zero 
capacitor, 
reference 
volt- 
age, and conversion 
rate. These 
values 
must be chosen 
to 
suit the particular 
application. 


Integrating Resistor 


The integrating 
resistor 
is determined 
by the full scale 
in- 


put 
voltage 
and 
the 
output 
current 
of the 
buffer 
used 
to 
charge 
the 
integrator 
capacitor. 
This 
current 
should 
be 
small compared 
to the output 
short circuit current 
such that 
thermal 
eflects 
are kept 
to a minimum 
and linearity 
is not 
affected. 
Values 
of 5 to 40I-'A give good results with a nomi- 
nal of 20.ltA. The exact 
value 
may 
be chosen 
by 


R 
_ full scale voltage' 


INT- 
20l-'A 


'Note: 
If gain is used in the buffer 
amplifier 
then- 


(Buffer gain) (full scale voltage) 
RINT 
20I-'A 


Integnlting 
Capacitor 


The product 
of integrating 
resistor 
and capacitor 
is select- 
ed to give 9 volt swing for full scale inputs. This is a compro- 
mise 
between 
possibly 
saturating 
the 
integrator 
(at + 14 


volts) due to tolerance 
build-up 
between 
the resistor, 
capac- 
itor and clock 
and the errors 
a lower 
voltage 
swing 
could 
induce 
due to offsets 
referred 
to the output 
of the compara- 
tor. In general, 
the value 
of CINT is given 
by 


[(32768 
for -16)] 
x 20 
A x clock period 
(8192 for -14) 
I-' 


CINT- 
Integrator 
Output Voltage 
Swing 


A very important 
characteristic 
of the integrating 
capacitor 
is 
that it have low dielectric 
absorption 
to prevent 
roll-over 
or 
ratio metric 
errors. 
A good test for dielectric 
absorption 
is to 
use the capacitor 
with the input tied to the reference. 


This 
ratio metric 
condition 
should 
read 
half 
scale 
(100 ... 
000) and any deviation 
is probably 
due to dielectric 
absorption. 
Polypropylene 
capacitors 
give undetectable 
er- 
rors at reasonable 
cost. 
Polystyrene 
and polycarbonate 
ca- 
pacitors 
may 
also be used in less critical 
applications. 


Auto-Zero and Reference Capacitor 


The 
size of the auto-zero 
capacitor 
has some 
influence 
on the 
noise 
of the 
system, 
a large 
capacitor 
giving 
less 
noise. 
The 
reference 
capacitor 
should 
be 
large 
enough 
such that stray capacitance 
to ground 
from its nodes is neg- 
ligible. 


Note: 
When 
gain 
is used 
in the 
buffer 
amplifier 
the 
refer- 
ence capacitor 
should 
be substantially 
larger than the auto- 
zero capacitor. 
As a rule of thumb, 
the reference 
capacitor 
should 
be approximately 
the 
gain 
times 
the 
value 
of the 
auto-zero 
capacitor. 
The dielectric 
absorption 
of the refer- 


ence cap and auto-zero 
cap are only important 
at power-on 
or when 
the 
circuit 
is recovering 
from 
an overload. 
Thus, 


smaller 
or cheaper 
caps can be used here if accurate 
read- 
ings are not required 
for the first few seconds 
of recovery. 


~o.•. 
••••d 
Reference Voltage 


::::. 
The analog 
input required 
to generate 
a full scale 
output 


:: 
is VIN=2 
VREF. 
o 
The stability 
of the reference 
voltage 
is a major factor 
in 


CO 
the overall 
absolute 
accuracy 
of the converter. 
The resolu- 
g 
tion 
of 
the 
ICL7104 
at 
16 bits 
is one 
part 
in 65536, 
or 
15.26ppm. 
Thus, 
if the reference 
has a temperature 
coeffi- 
" 
cient 
of 
50ppmrC 
(on 
board 
reference) 
a 
temperature 
= 
change 
of '/a°C will introduce 
a one-bit 
absolute 
error. 
For 
~ 
this reason, 
it is recommended 
that an external 
high quality 
o 
reference 
be used 
where 
the 
ambient 
temperature 
is not 
.•• 
controlled 
or where 
high-accuracy 
absolute 
measurements 
~ 
are being made. 


() 
::::. 
C\l 
."o 
CO 
•••g 


DETAILED 
DESCRIPTION 
Digital Section 


The digital 
section 
includes 
the clock 
oscillator 
circuit, 
a 
16 or 14 bit binary 
counter 
with 
output 
latches 
and 
TIL- 
compatible 
three-state 
output 
dri'f'lrs, 
polarity, 
over-range 
and control 
logic and UART 
han<;ishake logic, as shown 
in 
the Block 
Diagram 
Figure 
10 (16 bit version 
shown). 


Throughout 
this description, 
logic levels will be referred 
to 
as "low" 
or "high". 
The actual 
logic levels 
are defined 
un- 
der "ICL7104 
Electrical 
Characteristics". 
For minimum 
pow- 


er consumption, 
all inputs 
should 
swing 
from 
GND 
(low) to 
V+ -(high). 
Inputs 
driven 
from 
TIL 
gates 
should 
have 
3- 
5kfi 
filullup resistors 
added 
for maximum 
noise immunity. 


MODE Input 


The MODE input is used to control 
the output 
mode of the 
converter. 
When the MODE pin is connected 
to GND or left 
open 
(this input is provided 
with a pulldown 
resistor 
to en- 
sure a low level when 
the pin is left open), 
the converter 
is 
in its "Direct" 
output 
mode, where the output 
data is directly 
accessible 
under 
the 
control 
of the chip 
and 
byte 
enable 
inputs. 
When 
the MODE 
input is pulsed 
high, the converter 
enters 
the UART 
handshake 
mode 
and outputs 
the data in 
three 
bytes 
for the 7104·16 
or two 
bytes 
for the 
7104-14 
then returns 
to "direct" 
mode. When the MODE input is left 
high, the converter 
will output 
data in the handshake 
mode 
at the end of every 
conversion 
cycle. 
(See section 
entitled 
"Handshake 
Mode" 
for further 
details). 


STaTuS Output 


During 
a conversion 
cycle, 
the STaTuS 
output 
goes high 
at the beginning 
of Input Integrate 
(Phase 
II), and goes low 
one· half clock 
period 
after 
new 
data 
from 
the 
conversion 
has been stored 
in the output 
latches. 
See Figure 9 for de- 


tails of this timing. This signal may be used as a "data 
valid" 


flag (data never changes 
while STaTuS 
is low) to drive inter- 


rupts, or for monitoring 
the status 
of the converter 
. • 
cvm 
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Run/Hold Input 


When the Run/Rold 
input is connected 
to V+ 
or left open 
(this input has a pullup 
resistor 
to ensure 
a high level when 
the 
pin is left 
open), 
the 
circuit 
will 
continuously 
perform 
conversion 
cycles, 
updating 
the output 
latches 
at the end of 
every Dointegrate 
(Phase 
III) portion 
of the conversion 
cycle 
(See 
Figure 
9). (See under 
"Handshake 
Mode" 
for excep- 
tion.) 
In this mode of operation, 
the conversion 
cycle will be 
performod 
in 131,072 
for 7104-16 
and 32768 
for 7104-14 
clock 
periods, 
regardless 
of the resulting 
value. 


If 
Run/Rold 
goes 
low 
at 
any 
time 
during 
Deintegrate 
(Phase 
III) after the zero crossing 
has occurred, 
the circuit 
will 
immediately 
terminate 
Deintegrate 
and 
jump 
to Auto- 
Zero. This feature 
can be used to eliminate 
the time spent in 
Deintegrate 
after 
the 
zero-crossing. 
If Run/Rold 
stays 
or 
goes 
low, the 
converter 
will ensure 
a minimum 
Auto-Zero 
time, 
and then 
wait 
in Auto-Zero 
until the 
Run/Rold 
input 
goes 
high. The converter 
will begin the Integrate 
(Phase 
II) 
portion 
of the next conversion 
(and the STaTuS 
output 
will 
go high) seven 
clock 
periods 
after the high level is detected 
at Run/Rold. 
See Figure 
11 for details. 


Using 
the Run/Rold 
input in this manner 
allows 
an easy 


"convert 
on demand" 
interface 
to be used. The converter 
may be held at idle in Auto-Zero 
with Run/Rold 
low. When 
Run/Rold 
goes 
high 
the 
conversion 
is started, 
and when 
the STaTuS 
output 
goes low the new data is valid (or trans- 
ferred) 
to the 
UART - 
see 
Handshake 
Mode). 
Run/Rold 
may 
now 
go 
low 
terminating 
Deintegrate 
and 
ensuring 
a 
minimum 
Auto-Zero 
time 
before 
stopping 
to wait 
for 
the 
next conversion. 
Alternately, 
Run/Rold 
can be used to mini- 
mize 
conversion 
time 
by ensuring 
that 
it goes 
low during 
Deintegrale, 
after 
zero 
crossing, 
and 
goes 
high 
after 
the 
hold point is reached. 
The required 
activity 
on the Run/Rold 
input can be provided 
by connecting 
it to the CLOCK3 
(-14), 
CLOCK2 
(-16) Output. 
In this mode 
the conversion 
time 
is 
dependent 
on the input value measured. 
Also refer to Harris 
Application 
Bulletin 
A030 for a discussion 
of the effects 
this 
will have on Auto-Zero 
performance. 


If the Run/Rold 
input goes low and stays low during Auto- 
Zero 
(Phase 
I), the converter 
will simply 
stop at the end of 
Auto-Zero 
and wait for Run/Rold 
to go high. As above, 
Inte- 


grate 
(Phase 
II) begins 
seven 
clock 
periods 
after 
the high 
level is detected. 
Direct Mode 


When the MODE pin is left at a low level, the data outputs 
[bits 
1 through 
8 low order 
byte, see Table 
4 for format 
of 
middle 
(-16) 
and 
high 
order 
bytesl 
are 
accessible 
under 
control 
of the 
byte 
and 
chip 
ENable 
terminals 
as inputs. 


These 
ENable 
inputs 
are all active 
low, and 
are provided 
with 
pullup 
resistors 
to ensure 
an inactive 
high level when 
left open. 
When 
the chip ENable 
input is low, taking 
a byte 
ENable 
input 
low will allow 
the outputs 
of that 
byte to be- 
come active 
(three-stated 
on). This allows 
a variety 
of paral- 
lel data 
accessing 
techniques 
to be used. 
The 
timing 
re- 
quirements 
for these 
outputs 
are shown 
under 
AC Charac- 
teristics 
and Table 
1. 


It should 
be noted that these control 
inputs 
are asynchro- 
nous with respect 
to the converter 
clock - 
the data may be 
accessed 
at any time. Thus it is possible 
to access 
the data 
while 
it is being 
updated, 
which 
could 
lead 
to scrambled 
data. Synchronizing 
the access 
of data with the conversion 
cycle 
by monitoring 
the 
STaTuS 
output 
will 
prevent 
this. 
Data 
is never 
updated 
while 
STaTuS 
is low. Also 
note the 
potential 
bus conflict 
described 
under 
"Initial 
Clear 
Circuit- 
ry". 
Handshake Mode 


The handshake 
output 
mode is provided 
as an alternative 
means 
of interfacing 
the ICL7104 
to digital 
systems, 
where 
the A/D 
converter 
becomes 
active 
in controlling 
the flow of 
data 
instead 
of 
passively 
responding 
to 
chip 
and 
byte 
ENable 
inputs. This mode is specifically 
designed 
to allow a 
direct 
interface 
between 
the ICL7104 
and industry-standard 
UARTs 
(such as the Harris CMOS 
UARTs, 
IM6402/3) 
with 
no external 
logic 
required. 
When 
triggered 
into 
the 
hand- 
shake 
mode, 
the ICL7104 
provides 
all the control 
and flag 
signals 
necessary 
to sequence 
the three 
(ICL7106-16) 
or 
two 
(ICL7104-14) 
bytes 
of data 
into the 
UART 
and initiate 
their transmission 
in serial form. This greatly 
eases 
the task 
and reduces 
the cost 
of designing 
remote 
data acquisition 
stations 
using serial data transmission 
to minimize 
the num- 
ber of lines to the central 
controlling 
processor. 


•••o.. 
•••• 
'"' 
Entry into the handshake 
mode 
will occur 
if either 
of two 
g, 
conditions 
are fulfilled; 
first, 
if new 
data 
is latched 
(i.e. a 
CD 
conversion 
is completed) 
while MODE pin (pin 27) is high, in 


CD 
which 
case 
entry 
occurs 
at the 
end of the 
latch 
cycle; 
or 
o 
secondly, 
if the 
MODE 
pin goes 
from 
low 
to 
high, 
when 
3 
entry 
will occur 
immediately 
(if new 
data 
is being 
latched, 
51! 
entry 
is delayed 
to the end of the latch cycle). 
While 
in the 
handshake 
mode, 
data latching 
is inhibited, 
and the MODE 
l 
pin is ignored. 
(Note that conversion 
cycles 
will continue 
in 
•• 
the normal 
manner). 
This allows 
versatile 
initiation 
of hand- 
••. 
shake 
operation 
without 
danger 
of false 
data generation; 
if 
o 
the 
MODE 
pin is held 
high, 
every 
conversion 
(other 
than 
•• 
those 
completed 
during 
handshake 
operations) 
will start 
a 
~ 
new handshake 
operation, 
while 
if the MODE 
pin is pulsed 
() 
high, handshake 
operations 
can be obtained 
"on 
demand." 


:::. 
When the converter 
enters 
the handshake 
mode, or when 
:;: 
the MODE 
input is high, the chip and byte ENable 
terminals 
o 
become 
TIL-compatible 
outputs 
which 
provide 
the control 
CD 
signals 
for the 
output 
cycle. 
The 
Send 
ENable 
pin (SEN) 
d_ 
(pin 29) is used as an indication 
of the ability of the external 
device 
to receive 
data. 
The condition 
of the line is sensed 
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once 
every 
clock 
pulse, 
and if it is high, the 
next 
(or first) 
byte is enabled 
on the next rising 
CLOCK 
1 (pin 25) clock 
edge, the corresponding 
byte ENable 
line goes low, and the 
Chip 
ENablelLoaD 
pin (pin 30) (CElLO) 
goes 
low for one 
full clock 
pulse only, returning 
high. 


On the 
next 
falling 
CLOCK 
1 clock 
pulse 
edge, 
if SEN 
remains 
high, 
or after 
it goes 
high 
again, 
the 
byte 
output 
lines will be put in the high impedance 
state (or three-stated 
off). One half pulse later, the byte ENable 
pin will be cleared 
!!!9,h, and 
(unless 
finished) 
the 
CElLO 
and 
the 
next 
byte 
ENable 
pin will go low. This will continue 
until all three 
(2 in 
the case 
of the 
14 bit device) 
bytes 
have 
been 
sent. 
The 
bytes 
are individually 
put into the low impedance 
state 
Le.: 
three-stated 
on 
during 
most 
of 
the 
time 
that 
their 
byte 
ENable 
pin is (active) 
low. When"receipt 
of the last byte has 
been 
acknowledged 
by a high SEN, the handshake 
mode 
will be cleared, 
re-enabling 
data latching 
from 
conversions, 


and recognizing 
the condition 
of the MODE 
pin again. The 
byte 
and chip 
ENable 
will be' three-stated 
off, 
if MODE 
is 
low, but held high by their (weak) 
pullups. 
These 
timing rela- 
tionships 
are illustrated 
in Figure 
12, 13, and 14, and Table 
2. 
• 


I 
-~-=THlIU..-rAft 
WITHPULLUl' 


Figure 
12 shows 
the sequence 
of the output 
cycle 
with 
SEN h<3ldhigh. The handshake 
mode (Internal 
MOOE high) 
is entered 
after the data latch 
pulse 
(since 
MOOE 
remains 
high the CElLO, 
LBEN, MBEN 
and HBEN terminals 
are ac- 
tive as outputs). 
The high level at the SEN input is sensed 
on the same high to low internal 
clock 
edge. On the next to 
high internal 
clock 
edge, the CElLO 
and the HBEN outputs 
assume 
a low level and the high-order 
by1e (POL and OR, 


and 
except 
for -16, 
Bits 9 -14) 
outputs 
are enabled. 
The 
CElLO 
output 
remains 
low for one full internal 
clock 
period 
only, the data 
outputs 
remain 
active 
for 1-% 
internal 
clock 
periods, 
and the high by1e ENable 
remains 
low for two clock 
periods. 
Thus 
the 
CElLO 
output 
low 
level 
or low to high 
edge may be used as a synchronizing 
signal to ensure 
valid 
data, and the by1e ENable 
as an output 
may be used as a 
by1e id<3ntification 
flag. 
With 
SEN 
remaining 
high the 
con- 
verter 
completes 
the output 
cycle 
using CElLO, 
MBEN and 
LBEN 
while 
the 
remaining 
by1e outputs 
(see Table 
4) are 
activated. 
The 
handshake 
mode 
is terminated 
when 
all 
by1es are sent (3 for -16,2 
for -14). 


Figure 
13 shows 
an output 
sequence 
where 
the SEN in- 
put 
is used 
to 
delay 
portions 
of the 
sequence, 
or hand- 
shake, 
to ensure 
correct 
data transfer. 
This timing 
diagram 
shows 
the relationships 
that 
occur 
using 
an industry-stan- 
dard 
IM6402/3 
CMOS 
UART 
to 
interface 
to 
serial 
data 
channels. 
In this interface, 
the SEN input to the ICL7104 
is 
driven 
by the 
TBRE 
(Transmitter 
Buffer 
Register 
Empty) 
output 
of the UART, and the CElLO 
terminal 
of the ICL7104 


~o.•. 
••• 
drives the TBRL 
(Transmitter 
Buffer 
Register 
Load) 
input to 
~ 
the 
UART. 
The 
data 
outputs 
are paralleled 
into the 
eight 
:::: 
Transmitter 
Buffer 
Register 
inputs. 
CD 


Assuming 
the UART Transmitter 
Buffer Register 
is empty, 8 
the 
SEN 
input 
will 
be high when 
the 
handshake 
mode 
is 
CD 
entered 
after 
new 
data 
is stored. 
The 
CElLO 
and 
HBEN 
••• 
terminals 
will go low after SEN is sensed, 
and the high order 
g 
by1e outputs 
become 
active. 
When 
CElLO 
goes high at the 
" 
end of one clock 
period, the high order by1e data is clocked 
c: 
into 
the 
UART 
Transmitter 
Buffer 
Register. 
The 
UART 
•• 
TBRE 
output 
will now go low, which 
halts the output 
cycle 
~ 
with the HBEN output 
low, and the high order 
by1e outputs 
0 
active. 
When 
the 
UART 
has 
transferred 
the 
data 
to 
the 
:: 
Transmitter 
Register 
and 
cleared 
the 
Transmitter 
Buffer 
••• 
Register, 
the TBRE returns 
high. On the next ICL7104 
inter- g 
nal clock 
high to low edge, 
the high order 
by1e outputs 
are 
ell 
disabled, 
and one-half 
internal 
clock 
later, the HBEN output 
II) 
returns 
high. At the same time, the CElLO 
and MBEN 
(-16) 
0 
or LBEN 
outputs 
go low, and the corresponding 
by1e out- 
CD 
puts become 
active. 
Similarly, 
when the CElLO 
returns 
high g 
at the end of one clock 
period, 
the enabled 
data is clocked 
into the UART Transmitter 
Buffer 
Register, 
and TBRE again 
goes low. When TBRE 
returns 
to a high it will be sensed 
on 


the next ICL7104 
internal 
clock 
high to low edge, 
disabling 
the 
data 
outputs. 
For the 
16 bit device, 
the 
sequence 
is 
repeated 
for LBEN. One-half 
internal 
clock 
later, the hand- 


shake 
mode will be cleared, 
and the chip and by1e ENable 


terminals 
return 
high 
and 
stay 
active 
(as 
long 
as MOOE 
stays high). 
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LATCHPUUIE 
~ 
_TEO 
•••.......•.r-' 
UARTMOOE 


STATUS 
OUTPUT 
UNAfFECTEO 
BY 
UUTMODe: 


~-~. 
-t---- • 


--- 
'" THREE-STATE 
HIGH 
IMPEDANCE 
Figure 14: Handshake Triggered By Mode 
_J._ 
2: THREE-STATE 
WITH 
PULLUP 
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With 
the 
MODE 
input 
remaining 
high as in these 
exam- 


pier. 
the converter 
will output 
the results 
of every 
conver- 


sion except 
those completed 
during a handshake 
operation. 


By triggering 
the converter 
into handshake 
mode with a low 
to 
high 
edge 
on 
the 
MODE 
input, 
handshake 
output 
se- 


quences 
may be performed 
on demand. 
Figure 
14 shows 
a 
handshake 
output 
sequence 
triggered 
by such an edge. 
In 
addition, 
the 
SEN 
input 
is shown 
as being 
low when 
the 
converter 
enters 
handshake 
mode. 
In this case, 
the whole 
output 
sequence 
is controlled 
by the 
SEN 
input, 
and 
the 
sequence 
for the first (high order) 
by1e is similar 
to the se- 
quence 
for the 
other 
by1es. This 
diagram 
also 
shows 
the 
output 
sequence 
taking 
longer 
than 
a conversion 
cycle. 
Note 
that 
the 
converter 
still 
makes 
conversions, 
with 
the 
STaTuS 
output 
and 
Run/Hold 
input 
functioning 
normally. 


The 
only 
difference 
is that 
new 
data 
will 
not 
be 
latched 
when 
in handshake 
mode, 
and is therefore 
lost. 


Initial Clear Circuitry 


The internal 
logic 
of the 
7104 
is supplied 
by an internal 
regulator 
between 
V + + and Digital 
Ground. 
The regulator 
includes 
a low-voltage 
detector 
that will clear various 
regis- 
ters. This is intended 
to ensure 
that on initial power-up, 
the 
control 
logic comes 
up in Auto-Zero, 
with the 2nd, 3rd, and 
4th MSB bits cleared, 
and the "mode" 
F/F 
cleared 
(i.e. in 
"direct" 
mode). 
This, 
however, 
will also 
clear 
these 
regis- 


ters if the supply 
voltage 
"glitches" 
to a low enough 
value. 


Additionally, 
if the 
supply 
voltage 
comes 
up too 
fast, 
this 
clear pulse may be too narrow for reliable 
clearing. 
In gener- 


al, this is not a problem, 
but if the UART 
internal 
"MODE" 


F/F should 
come up set, the by1e and chip ENable 
lines will 
become 
active 
outputs. 
In many systems 
this could 
lead to 
bus conflicts, 
especially 
in non-handshake 
systems. 
In any 
case, 
SEN 
should 
be high 
(held 
high 
for 
non-handshake 


systems) 
to ensure 
that 
the MODE 
F/F 
will be cleared 
as 
fast 
as possible 
(see 
Figure 
12 for timing). 
For these 
and 
other 
reasons, 
adequate 
supply 
bypass 
is recommended. 


Oscillator 


The ICL7104-14 
is provided 
with a versatile 
three terminal 
oscillator 
to generate 
the internal 
clock. 
The oscillator 
may 
be overdriven, 
or may be operated 
as an RC or crystal oscil- 
lator. 


Figure 
15 shows 
the oscillator 
configured 
for RC opera- 
tion. The internal 
clock 
will be of the same 
frequency 
and 
phase as the voltage 
on the CLOCK 
3 pin. The resistor 
and 
capacitor 
should 
be connected 
as shown. 
The 
circuit 
will 
oscillate 
at a frequency 
given 
by f = .45/RC. 
A 50 - 100k!! 
resistor 
is recommended 
for useful ranges 
of frequency. 
For 
optimum 
60Hz 
line rejection, 
the capacitor 
value 
should 
be 
chosen 
such 
that 
32768 
(-16), 8192 
(-14) 
clock 
periods 
is 
close to an integral 
multiple 
of the 60Hz period. 


0346-19 
Figure 15: RC Oscillator 
(ICL7104-14 Only) 


Note that CLOCK 3 has the same output drive as the bit outputs. 


As a result 
of pin count 
limitations, 
the 
ICL7104-16 
has 
only CLOCK 
1 and CLOCK 
2 available, 
and cannot 
be used 
as an RC oscillator. 
The internal 
clock will correspond 
to the 
inverse 
of the signal on CLOCK 
2. Figure 16 shows a crystal 
oscillator 
circuit, 
which 
can 
be used 
with 
both 
7104 
ver- 
sions. If an external 
clock 
is to be used, it should 
be applied 
to CLOCK 
1. The internal 
clock will correspond 
to the signal 
applied 
to this pin. 


v+-:-1----- 


26 
_ 


CLOCK 
2 
?, 


·CAPACITOR 
VALUE 
DEPENDS 
ON CRYSTAL. 
TYP D-30pF. 
~u- 


DKIGNO 
ICL71CM 


'1HZ 


•.••••••.•n 
.;;JU •••••• L.I 
,;n::.uucrt\,INU 
U 


Because 
of the nature 
of the CMOS 
process 
used to fab- 
:::. 
ricate 
the 
ICL71 04, and the 
multiple 
power 
supplies 
used, 
: 
there are certain 
conditions 
of these supplies 
under which 
a 0 
disabling 
and potentially 
damaging 
SCR 
action 
can occur. 
CD 
All of these 
conditions 
involve 
the y+ 
supply 
(nom. + 5V) 
••• 
being 
more 
positive 
than 
the Y + + supply. 
If there 
is any 
!:! 
possibility 
of this occuring 
during start-up, 
shut down, 
under 
" 
transient 
conditions 
during 
operation, 
or when 
inserting 
a 
C 
PC board into a "hot" 
socket, 
etc., a diode should 
be placed 
II 
between 
y+ 
and 
y+ + 
to 
prevent 
it. A 
germanium 
or 
•• 
Schottky 
rectifier 
diode would 
be best, but in most cases 
a 
~ 
silicon 
rectifier 
diode 
is adequate. 
!:i 


ANALOG 
AND DIGITAL 
GROUNDS 
~ 


Ex1reme care must be taken to avoid ground 
loops 
in the 
(II 
layout 
of 
ICL8068 
or ICL805217104 
circuits, 
especially 
in 
II) 
16·bit and high sensitivity 
circuits. 
It is most 
important 
that g 
return currents 
from digital 
loads are not fed into the analog 
••• 
ground 
line. A recommended 
connection 
sequence 
for the 
!:! 
ground 
lines is shown 
in Figure 
17. 


APPLICATIONS 
INFORMATION 


Some applications 
bulletins 
that may be found 
useful 
are 
listed 
here: 


A016 
"Selecting 
AID 
Converters", 
by Dave Fullagar 


A017 
"The 
Integrating 
AID 
Converter", 
by Lee Evans 


A018 
"Do's 
and Dont's 
of Applying 
AID 
Converters", 
by 
Peter Bradshaw 
and Skip Osgood 


A030 
"The 
ICL71 04 - 
A Binary Output 
AID 
Converter 
for 
Microprocessors", 
by Peter Bradshaw 


RODS 
"Interfacing 
Data Converter 
& Microprocessors", 
by 
Peter Bradshaw 
et ai, Electronics, 
Dec. 9, 1976. 


EXTERNAL. 
REFERENCE 
(IF USED) 


I 


BOARol 
£00£1 
I 


~SUPPlY 
/RETURN 


~o.•. 


""••• 
() 
::::. 
CI) 
COo 
CI) 
Oscillator 
d_ 
CRYSTAL 
or RC (RC on -14 part only) 
fose 
Typically 
200 kHz 
" 
fose 
= 0.45/RC 
(ICL7104-14 
only) 
:i 
Cose 
> 50 pF and Rose 
> 50k 


~ 
Oscillator 
Period 
o 
lose = 1/fose 
.•• 
Integration 
Clock 
Frequency 


~ 
feLoeK 
= fose 
() 
Integration 
Period 
: 
:::~: ~~~~8~t~;d~;~~~~~~) 
o 
60/50 
Hz Rejection 
Criterion 
~ 
tlNT/t60Hz 
or tlNT/tsOHz = Integer 
g 
Optimum 
Integration 
Current 
liNT = 20 IJ-A 


Full Scale Analog 
Input 
Voltage 
VINFS Typ. 
= 200 mV to 2.0V = 2 VREF 


Integrate 
Resistor 
(Buffer 
Gain) 
x VINFS 
RINT = -------- 
liNT 
Integrate 
Capacitor 
C 
- 
(tiNT) (liNT) 
INT - 
VINT) 


ICL7104 
with ICL8052/8068 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Integrator 
Output 
Voltage 


V 
- 
(tiNT) (liNT) 
INT - 


CINT 
VINT Typ. 
= 9.0V 


Output 
Count 


Count = 8192 x 
VIN 
VREF 


Count 
= 32768 x 
VIN 
VREF 
Output 
Type: 


Binary 
Amplitude 
with 
Polarity 
and Overrange 
Bits. 


Power 
Supply: 
± 15.0V, + 5V 
V+ + = +15V 
V- 
= -15V 
V+ 
= +5V 


VREF "" 1.75V 
If VREF not used, 
float 
output 
pin. 


Auto 
Zero 
Capacitor 
Values 
0.01 IJ-F < CAZ < 1.0 IJ-F 


Reference 
Capacitor 
Value 


CREF = (Buffer 
Gain) 
x 
CAZ 
• 


AUTOZERO 
(COUNT) 


24,576 - 8,193 
98,304 - 32,769 


INTEGRATE 
(FIXED 
COUNT) 


8192 
32768 


DEINTEGRATE 
(COUNT) 


0-16383 
0- 
65535 


Conversion TIme (in Conlinuous Mode): 


32,768· 
lose (7104-14) 
131,072 • lose (7104-16) 


Figure 
18 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
ICL7109 
is a high performance, 
CMOS, 
low power 
integrating 
AID 
converter 
designed 
to easily 
interface 
with 
microprocessors. 


The output 
data (12 bits, polarity 
and overrange) 
may be 
directly 
accessed 
under 
control 
of two 
byte 
enable 
inputs 
and a chip select 
input for a simple 
parallel 
bus interface. 
A 
UART handshake 
mode is provided 
to allow the ICL7109 
to 
work 
with 
industry-standard 
UARTs 
in providing 
serial 
data 
transmission, 
ideal 
for 
remote 
data 
logging 
applications. 


The RUN/HOLD 
input and STATUS 
output 
allow monitoring 
and control 
of conversion 
timing. 


The 
ICL7109 
provides 
the 
user 
with 
the 
high accuracy, 


low 
noise, 
low 
drift, 
versatility 
and 
economy 
of the 
dual- 
slope 
integrating 
AID 
converter. 
Features 
like true differen- 


tial input and reference, 
drift of less than 1",vrc, maximum 
input bias current 
of 1OpA, and typical 
power 
consumption 
of 20mW 
make the ICL7109 
an attractive 
per-channel 
alter- 
native 
to analog 
multiplexing 
for many data acquisition 
ap- 
plications. 


ICL7109 ~ 
,.. 
12-Bit 
p,P-Compatible 
~ 
AID 
Converter 
S:! 


FEATURES 


• 12 Bit Binary 
(Plus 
Polarity 
and Overrange) 
Dual 
Slope 
Integrating 
Analog-to-Digital 
Converter 


• Byte-Organized 
TTL-Compatlble 
Three-State 
Outputs 
and 
UART 
Handshake 
Mode 
for 
Simple 
Parallel 
or 
Serial 
Interfacing 
to Microprocessor 
Systems 


• RUNIHOLD 
Input 
and 
STATUS 
Output 
Can Be Used 
to Monitor 
and Control 
Conversion 
Timing 


• True 
Differential 
Input 
and 
Differential 
Reference 


• Low 
Noise-Typically 
1S",V pop 


• 1pA Typical 
Input 
Current 


• Operates 
At Up to 30 Conversions 
Per Second 


• On-Chip 
Oscillator 
Operates 
With 
Inexpensive 
3.S8MHz 
TV Crystal 
Giving 
7.S Conversions 
Per 
Second 
for 
60Hz 
Rejection 
May Also 
Be Used 
With 
An RC Network 
Oscillator 
for 
Other 
Clock 
Frequencies 


E 


Part Number 
Temp. 
Range 
Package 


ICL7109MDL 
- 55·C to 
+ 125·C 
40-Pin Ceramic 
DIP 


ICL71091DL 
- 25·C to + 85·C 
40-Pin Ceramic 
DIP 


ICL71091JL 
- 25·C to + 85·C 
40-Pin CERDIP 


ICL7109CPL 
O·Cto 
70·C 
40-Pin Plastic DIP 


TOP VIEW 


GND 
I GND 
y+ 40 
2 STATUS 
REF IN-3' 


HIGHf 


3 POL 
REF CAP-)I 
I.F 
DIFFERENTIAL 


ORDER 
• OR 
REF CAP" 
37 
REFERENCE 


BYTE 
5 BI2 
REF 'N"36 
1 
II 
., 
+ 
OUTPUTS 
6BlI 
IN HI35 
,01.,' 
INPUT HIGH 


7 BIO 
'NLOM 
INPUT LOW 
L 
I B9 
COMMON 
33 
GND 
9 BI 
INT 32 
ONT 
ICL7101 
10 B7 
AZ 31 


LOWJ 
1186 
BUF 30 
ORDER 
12 B5 
REF OUT 21 


'NT 
REF IN- 


OUT:~~~ 
I 


13 B. 
Y-21 


I. 
B3 
SEND 27 
_REFIN+ 


L 


1582 
RUN/HOlD 
26 


16 Bl 
BUF OSC OUT 25 
y+ 


+sY 
"TEST 
osc 
SfL 
2. 
GND 
24kll 


BYTE 
r 
11 rim 
osc 
OUT 23 


CONTROL -i 
19 HIIDl 
OSC IN 22 


INPUTS 
'- 
20~ 
MODE 21 


·AINT := 20kll 
FOA O.2Y REF 
2_11 
FOR 2.0Y REF 


0336-1 
(See Figure 2 for typical connection 
to a UART or Microcomputer) 


Figure 
1: Pin Configuration 
and 
Test 
Circuit 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301655-003 


GIo.•. 
•••• 
~ 
ABSOLUTE 
MAXIMUM 
RATINGS 


Positive 
Supply Voltage 
(GND to V+) 
+6.2V 
Negative 
Supply Voltage 
(GND to V-I 
-9V 
Analog 
Input Voltage 
(Lo or Hi) (Note 1) 
V+ 
to V- 


Reference 
Input Voltage 
(Lo or Hi) (Note 1) 
V+ 
to V- 


Digital Input Voltage 
V+ 
+0.3V 
(Pins 2-27)(Note 
2) 
GND 
-0.3V 


Power 
Dissipation 
(Note 3) 
Ceramic 
Package 
1W @ + 85·C 
Plastic Package 
..•...... 
_ 
_ 
500mW 
@ + 70·C 


Operating-Temperature 
Ceramic 
Package 
(MDL) 
.' 
-55·C 
to + 125·C 
Ceramic 
Package 
(IDL) 
.. . . . . . . . . . . .. 
- 25·C to + 85·C 
Plastic Package 
(CPL) 
O·C to + 70·C 
Storage 
Temperature 
-65·Cto 
+ 150·C 
Lead Temperature 
(Soldering, 
'1Osee) 
_ . .. 
+ 300·C 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above 
those indicated in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 
maximum 
rsting conditions 
for extended 
periods 
may affect 
device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(V+ = +5V, 
v-= 
-5V, 
GND=OV, 
TA=25·C, 
fCLK = 3.58 MHz, unless 


otherwise 
indicated.) 
Test circuit as shown on first page of this data sheet. 


ANALOG 
SECTION 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


Zero Input Reading 
VIN = O.OOOOV 
-0000 
±OOOO 
+0000 
Counts 
, 
VREF = 204.8 mV 


. 
Ratiometric 
Error(4) 
VIN = VREF = 204.8 mV 
-3 
0 
Counts 


Non-Linearity 
(Max deviation 
Full Scale = 409.6mV 
to 2.048V 
-1 
±.2 
+1 
Counts 
from best straight 
line fit) 
Over full operating 
temperature 


range. (Note 4), (Note 6) 


Roll-over 
Error (difference 
Full Scale=409.6mV 
to 2.048V 
-1 
±.2 
+1 
Counts 
in reading 
for equal pos. and 
(Note 5), (Note 6) 


neg. inputs near full scale) 


CMRR 
Common 
Mode Rejection 
Ratio 
VCM ± tv, VIN=OV 
50 
IJ-VIV 
Full Scale = 409.6mV 


VCMR 
Input Common 
Mode Range 
Input Hi, Input Lo, Common 
(Note 4) 
V-+1.5 
V+ -1.0 
V 


en 
Noise (p-p value not 
VIN=OV 
15 
IJ-V 
exceeded 
95% of time) 
Full Scale=409.6mV 


IILK 
Leakage 
current 
at Input 
VIN = 0 All devices 
at 25·C 
1 
10 
pA 
ICL7109CPL 
O·C:>;;TA:>;;+ 70·C (Note 4) 
20 
100 
pA 
ICL71091DL 
-25·C:>;;TA:>;; + 85·C (Note 4) 
100 
250 
pA 
ICL7109MDL 
-55·C:>;;TA:>;; + 125·C 
2 
5 
nA 


Zero Reading 
Drift 
VIN = OV R1 = 00 
(Note 4) 
0.2 
1 
IJ-vrc 


Scale Factor Temperature. 
VIN=408.9mV= 
>77708 
1 
5 
ppmrC 
Coefficient 
reading 
Ext. Ref. 0 ppmrC 
(Note 4) 


1+ 
Supply Current V + to 
VIN = 0, Crystal Osc 
700 
1500 
IJ-A 
GND 
3.58MHz 
test circuit 


Isupp 
Supply Current V + to V- 
Pins 2-21,25,26,27,29; 
open 
700 
1500 
IJ-A 


VREF 
Ref Out Voltage 
Referred 
to V + , 25kO 
-2.4 
-2.8 
-3.2 
V 
between 
V+ 
and REF OUT 


Ref Out Temp. Coefficient 
25kO between 
V + and REF OUT 
80 
ppmrC 


• 


",u,•.•"",u./ ,••:;, CirCUlIas snown on first page of this data sheet. (Continued) 
DIGITAL 
SECTION 


Symbol 
Parameter 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


VOH 
Output 
High Voltage 
IOUT= 100"A 
3.5 
4.3 
V 
Pins 2-16,18,19,20 


VOL 
Output 
Low Voltage 
IOUT=1.6mA 
0.2 
0.4 
V 


Output 
Leakage 
Current 
Pins 3-16 high impedance 
±.01 
±1 
"A 


Control 
I/O Pull up 
Pins 18, 19, 20 VOUT=V+ 
-3V 
5 
"A 
Current 
MODE input at GND 


Control 
I/O Loading 
HBEN Pin 19 LBEN Pin 18 (Note 4) 
50 
pF 


VIH 
Input High Voltage 
Pins 18·21, 26, 27 
3.0 
V 
referred 
to GND 


VIL 
Input Low Voltage 
Pins 18-21,26, 
27 
1 
V 
referred 
to GND 


Input PUll-up Current 
Pins 26, 27 VOUT=V+ 
-3V 
5 
"A 


Input PUll-up Current 
Pins 17, 24 VOUT=V+ 
-3V 
25 
"A 


Input Pull-down 
Current 
Pin21 
VOUT=GND 
+3V 
5 
"A 


DoH 
Oscillator 
Output 
High 
VOUT=2.5V 
1 
mA 


°OL 
Current 
Low 
VOUT=2.5V 
1.5 
mA 


BOOH 
Buffered 
Oscillator 
High 
VOUT=2.5V 
2 
mA 


BOOL 
Output 
Current 
Low 
VOUT=2.5V 
5 
mA 


tw 
MODE Input Pulse Width 
(Note 4) 
50 
ns 


NOTES: 1. Input voltages 
may exceed the supply voltages provided the input current is limited to ± 100p.A 
2. Due to the SCA structure inherent in the-process 
used to fabricate these devices, connecting 
any digital inputs or outputs to voltages greater than V + 


or less than GND may cause destructive 
device latchup. For this reason it is recommended 
that no inputs from sources other than the same power 
supply be applied to the ICl7109 before its power supply is established, 
and that in multiple supply systems the supply to the ICL7109 be activated first. 


3. This limit refers to that of the- package and will not be obtained during normal operation. 
4. This parameter 
is not production 
tested, but is guaranteed 
by design. 


5. Roll-over 
error for TA= - 5S"C to '+ 125"C is ± 3 counts maximum. 
6. A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devices Common 
Mode Voltage Range. 


7. For Cerdip package the Ratiometric 
error can be -4 
(Min.). 


Pin 
Symbol 
Description 


1 
GND 
Digital 
Ground, 
OV. Ground 
return for all digital 


logic. 


2 
STATUS 
Output 
High during 
integrate 
and deintegrate 


until data is latched. 


Output 
Low when 
analog 
section 
is in Auto- 


Zero 
configuration. 


3 
POL 
Polarity 
- 
HI for Positive 
input. 


4 
OR 
Overrange 
- 
HI if Overranged. 


5 
B12 
Bit12 
(Most 
Significant 
Bit) 


6 
B11 
Bit11 


7 
B10 
Bit 10 
All 


8 
B9 
Bit9 
three 


9 
B8 
Bit 8 
state 


10 
B7 
Bit7 
HI=true 
output 


11 
B6 
Bit6 
data 


12 
B5 
BitS 
bits 


13 
B4 
Bit4 


14 
B3 
Bit3 


15 
B2 
Bit2 


16 
B1 
Bit1 
(Least 
Significant 
Bit) 


17 
TEST 
Input High - 
Normal 
Operation. 


Input Low - 
Forces 
all bit outputs 
high. 


Note: This input is used for test purposes 
only. 


Tie high if not used. 


18 
LBEN 
Low Byte Enable 
- 
With Mode 
(Pin 21) low, 


and CE/LOAD 
(Pin 20) low, taking 
this pin low 


activates 
low order 
byte outputs 
B 1 - 
B8. 


- 
With Mode 
(Pin 21) high, this pin serves 
as a 


low byte flag output 
used in handshake 
mode. 


See Figures 
8, 9, 10. 


19 
HBEN 
High Byte Enable 
- 
With Mode 
(Pin 21) low, 


and CE/LOAD 
(Pin 20) low, taking 
this pin low 


activates 
high order byte outputs 
B9 - 
B12, 


POL, OR. 


- 
With Mode 
(Pin 21) high, this pin serves 
as a 


high byte flag output 
used in handshake 
mode. 


See Figures 
8, 9, 10. 


20 
CE/LOAD 
Chip Enable 
Load - 
With Mode 
(Pin 21) low. 


CE/LOAD 
serves 
as a master 
output 
enable. 


When 
high, B1 - 
B12, POL, OR outputs 
are 


disabled. 


- 
With Mode 
(Pin 21) high, this pin serves 
as a 


load strobe 
used in handshake 
mode. 
See 


Figures 
8, 9, 10. 


Pin 
Symbol 
Description 


21 
MODE 
Input Low - 
Direct 
output 
mode 
where 


CE/LOAD 
(Pin 20), HBEN 
(Pin 19) and LBEN 


(Pin 18) act as inputs 
directly 
controlling 
byte 


outputs. 


Input Pulsed 
High - 
Causes 
immediate 
entry 


into handshake 
mode 
and output 
of data as in 


Figure 
10. 


Input High - 
Enables 
CE/LOAD 
(Pin 20), 


HBEN 
(Pin 19), and LBEN (Pin 18) as 


outputs, 
handshake 
mode will be entered 
and 


data output 
as in Figures 
8 and 9 at 


conversion 
completion. 


22 
OSCIN 
Oscillator 
Input 


23 
OSCOUT 
Oscillator 
Output 


24 
OSCSEL 
Oscillator 
Select 
- 
Input high configures 


OSC IN, OSC OUT, BUF OSC OUT as RC 


oscillator 
- 
clock 
will be same phase 
and 


duty cycle as BUF OSC OUT. 


- 
Input low configures 
OSC IN, OSC OUT for 


crystal 
oscillator 
- 
clock 
frequency 
will be 


1/58 
of frequency 
at BUF OSC OUT. 


25 
BUF OSC OUT 
Buffered 
Oscillator 
Output 


26 
RUN/HOLD 
Input High - 
Conversions 
continuously 


performed 
every 8192 clock 
pulses. 


Input 
Low - 
Conversion 
in progress 


completed, 
converter 
will stop 
in Auto-Zero 
7 


counts 
before 
integrate. 


27 
SEND 
Input - 
Used in handshake 
mode 
to indicate 


ability 
of an external 
device 
to accept 
data. 


Connect 
to + 5V if not used. 


28 
V- 
Analog 
Negative 
Supply 
- 
Nominally 
- 5V 


with respect 
to GND 
(Pin 1). 


29 
REF OUT 
Reference 
Voltage 
Output 
- 
Nominally 
2.8V 


down 
from V· (Pin 40). 


30 
BUFFER 
Buffer 
Amplifier 
Output 


31 
AUTO-ZERO 
Auto-Zero 
Node - 
Inside foil of CAZ 


32 
INTEGRATOR 
Integrator 
Output 
- 
Outside 
foil of CINT 


33 
COMMON 
Analog 
Common 
- 
System 
is Auto-Zeroed 
to 


COMMON 


34 
INPUT 
LO 
Differential 
Input Low Side 


35 
INPUT HI 
Differential 
Input High Side 


36 
REFIN 
+ 
Differential 
Reference 
Input 
Positive 


37 
REF CAP + 
Reference 
Capacitor 
Positive 


38 
REF CAP 
Reference 
Capacitor 
Negative 


39 
REF IN 
Differential 
Reference 
Input Negative 


40 
V+ 
Positive 
Supply 
Voltage 
- 
Nominally 
+ 5V 


with respect 
to GND 
(Pin 1). 
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DETAILED 
DESCRIPTION 
Analog Section 


Figure 
3 shows 
the equivalent 
circuit 
of the Analog 
Sec· 
tion of the ICL71 09. When the RUN/HOLD 
input is left open 
or connected 
to V + . the circuit will perform 
conversions 
at a 
rate determined 
by the clock 
frequency 
(8192 clock 
periods 
per cycle). 
Each 
measurement 
cycle 
is divided 
into three 
phases 
as shown 
in Figure 
4. They are (1) Auto-Zero 
(AZ). 


(2) Signal 
Integrate 
(INT) and (3) Deintegrate 
(DE). 


Figure 28: Typical Connection 
Diagram Parallel Interface With 8048 Microcomputer 


Auto-Zero 
Phase 


During 
auto-zero 
three 
things 
happen. 
First. 
input 
high 
and 
low 
are 
disconnected 
from 
their 
pins 
and 
internally 
shorted 
to analog COMMON. 
Second. 
the reference 
capaci- 
tor is charged 
to the 
reference 
voltage. 
Third. 
a feedback 
loop 
is closed 
around 
the system 
to charge 
the auto-zero 
capacitor 
CAZ to compensate 
for offset 
voltages 
in the buff- 
er amplifier. 
integrator. 
and comparator. 
Since the compara- 


tor is included 
in the loop, the AZ accuracy 
is limited only by 
the noise of the system. 
In any case. 
the offset 
referred 
to 
the input is less than 
1O",V. 
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PROPORTIONALTO VIN 
BE IN AUTOZERO 
CONFIGURATION 


Signal 
Integrate 
Phase 


During 
signal 
integrate 
the auto-zero 
loop is opened, 
the 
internal 
short 
is removed 
and the internal 
high and low in- 
puts are connected 
to the external 
pins. The converter 
then 


integrates 
the differential 
voltage 
between 
IN HI and IN La 
for a fixed time of 2048 clock 
periods. 
Note that this differ- 
ential 
voltage 
must 
be within 
the 
common 
mode 
range 
of 
the inputs. 
At the end of this phase, 
the polarity 
of the inte- 
grated 
signal 
is determined. 


De-Integrate 
Phase 


The final phase 
is de-integrate, 
or reference 
integrate. 
In- 
put low is internally 
connected 
to analog 
COMMON 
and in- 


put high is connected 
across 
the previously 
charged 
(during 
auto-zero) 
reference 
capacitor. 
Circuitry 
within 
the chip en- 
sures that the capacitor 
will be connected 
with the correct 


polarity 
to 
cause 
the 
integrator 
output 
to 
return 
to 
zero 
crossing 
(established 
in Auto Zero) with a fixed slope. Thus 
the time for the output 
to return to zero (represented 
by the 
number 
of clock 
periods 
counted) 
is proportional 
to the in- 


put signal. 


Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common 
mode range of the input amplifier; 
or specifi- 
cally 
from 
1.0 volts 
below 
the 
positive 
supply 
to 1.5 volts 
above 
the negative 
supply. 
In this range 
the system 
has a 
CMRR 
of 86dB 
typical. 
However, 
since 
the integrator 
also 
swings 
with the common 
mode voltage, 
care must be exer- 
cised 
to assure 
the 
integrator 
output 
does 
not saturate. 
A 
worst 
case 
condition 
would 
be 
a large 
positive 
common 
mode 
voltage 
with a near full-scale 
negative 
differential 
in- 
put voltage. 
The 
negative 
input signal 
drives 
the integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
common 
mode 
voltage. 
For these 
critical 
applica- 
tions 
the integrator 
swing 
can be reduced 
to less than 
the 
recommended 
4V full scale with some loss of accuracy. 
The 
integrator 
output 
can swing 
within 
0.3 volts of either 
supply 
without 
loss of linearity. 


The ICL7109 
has, however, 
been optimized 
for operation 
with 
analog 
common 
near digital 
ground. 
With 
power 
sup- 
plies of +5V 
and 
-5V, 
this allows 
a 4V full scale integrator 
swing positive 
or negative 
thus maximizing 
the performance 
of the analog 
section. 


Differential Reference 


The reference 
voltage 
can be generated 
anywhere 
within 
the power supply voltage 
of the converter. 
The main source 


of common 
mode 
error is a roll-over 
voltage 
caused 
by the 
reference 
capacitor 
losing or gaining 
charge 
to stray capaci- 
ty on its nodes. 
If there 
is a large 
common 
mode 
voltage, 
the reference 
capacitor 
can gain charge 
(increase 
voltage) 
when 
called 
up to 
deintegrate 
a positive 
signal 
but 
lose 


charge 
(decrease 
voltage) 
when 
called 
up to deintegrate 
a 
negative 
input signal. This difference 
in reference 
for (+) 
or 
(-) 
input 
voltage 
will 
give 
a roll-over 
error. 
However, 
by 
selecting 
the reference 
capacitor 
large enough 
in compari- 
son to the stray capacitance, 
this error can be held to less 
than 0.5 count for the worst case condition 
(see Component 
Values 
Selection 
below). 


The 
roll-over 
error 
from 
these 
sources 
is minimized 
by 
having the reference 
common 
mode voltage 
near or at ana- 
log COMMON. 
Component Value Selection 


For 
optimum 
performance 
of the 
analog 
section, 
care 
must be taken 
in the selection 
of values 
for the integrator 
capacitor 
and resistor, 
auto-zero 
capacitor, 
reference 
volt- 


age, and conversion 
rate. These 
values 
must be chosen 
to 
suit the particular 
application. 


The 
most 
important 
consideration 
is that 
the 
integrator 
output 
swing 
(for full-scale 
input) 
be as large 
as possible. 


For example, 
with 
± 5V supplies 
and COMMON 
connected 
to GND, the nominal 
integrator 
output 
swing 
at full scale 
is 
±4V. 
Since the integrator 
output 
can go to 0.3V from either 
supply 
without 
significantly 
affecting 
linearity, 
a 4V integra- 
tor output 
swing 
allows 
0.7V for variations 
in output 
swing 
due 
to 
component 
value 
and 
oscillator 
tolerances. 
With 
± 5V supplies 
and a common 
mode range of ± 1V required, 
the component 
values 
should 
be selected 
to provide 
± 3V 
integrator 
output 
swing. 
Noise 
and 
rollover 
errors 
will 
be 
slightly 
worse 
than 
in the 
±4V 
case. 
For 
larger 
common 
mode 
voltage 
ranges, 
the integrator 
output 
swing 
must 
be 


ello.•.,., 


reduced 
further. 
This will increase 
both 
noise 
and 
rollover 
••• 
U_ 
errors. 
To improve 
the performance, 
supplies 
of 
±6V 
may 
be used. 
Integrating 
Resistor 


Both the buffer amplifier 
and the integrator 
have a class A 
output 
stage with 
100/LA of quiescent 
current. 
They supply 
20/LA of drive current 
with negligible 
non-linearity. 
The inte- 
grating 
resistor 
should 
be 
large 
enough 
to remain 
in this 
very 
linear 
region 
over 
the 
input 
voltage 
range, 
but 
small 
enough 
that undue 
leakage 
requirements 
are not placed 
on 
the PC board. 
For 4.096 
volt full scale, 
200kO 
is near opti- 
mum and similarly 
a 20kO 
for a 409.6mV 
scale. 
For other 
values 
of full scale 
voltage, 
RINT should 
be chosen 
by the 
relation 


R 
_ full scale voltage 
INT 
20/LA 


Integrating 
Capacitor 


The integrating 
capacitor 
CINT should 
be selected 
to give 
the maximum 
integrator 
output 
voltage 
swing 
without 
satu- 
rating the integrator 
(approximately 
0.3 volt from either 
sup- 
ply). 
For 
the 
ICL7109 
with 
± 5 volt 
supplies 
and 
analog 
common 
connected 
to GND, 
a ±3.5 
to 
±4 
volt 
integrator 
output 
swing 
is nominal. 
For 7-% 
conversions 
per second 
(61.72kHz 
clock 
frequency) 
as provided 
by the crystal 
oscil- 
lator, 
nominal 
values 
for 
CINT and 
CAl are 
0.15/LF 
and 
0.33/LF, respectively. 
If different 
clock frequencies 
are used, 


these 
values 
should 
be changed 
to maintain 
the integrator 
output 
voltage 
swing. 
In general, 
the value 
of CINT is given 
by 


C 
- 
(2048 x clock period)(20/LA) 
F 


INT 
integrator 
output voltage 
swing 
/L 


An additional 
requirement 
of the integrating 
capacitor 
is 
that it have low dielectric 
absorption 
to prevent 
roll-over 
er- 
rors. While 
other 
types 
of capacitors 
are adequate 
for this 
application, 
polypropylene 
capacitors 
give undetectable 
er- 
rors at reasonable 
cost up to 85°C. For the military tempera- 
ture 
range, 
Teflon® 
capacitors 
are 
recommended. 
While 
their 
dielectric 
absorption 
characteristics 
vary 
somewhat 
from unit to unit, selected 
devices 
should 
give less than 0.5 
count 
of error due to dielectric 
absorption. 


Auto-Zero 
Capacitor 


The size of the auto-zero 
capacitor 
has some 
influence 
on the noise 
of the system: 
a smaller 
physical 
size and a 
larger 
capacitance 
value 
lower 
the 
overall 
system 
noise. 
However, 
CAl cannot 
be increased 
without 
limits since it, in 
parallel 
with 
the 
integrating 
capacitor 
forms 
an 
R-C time 
constant 
that determines 
the speed 
of recovery 
from 
over- 
loads and more important 
the error that exists 
at the end of 
an auto-zero 
cycle. 
For 409.6mV 
full scale 
where 
noise 
is 
very important 
and the integrating 
resistor 
small, a value 
of 
CAl twice 
CINT is optimum. 
Similarly 
for 4.096V 
full scale 
where 
recovery 
is more 
important 
than 
noise, 
a value 
of 
CAl equal to half of CINT is recommended. 


For optimal 
rejection 
of stray pickup, 
the outer foil of CAl 
should 
be connected 
to the R-C summing 
junction 
and the 
inner foil to pin 31. Similarly 
the outer foil of CINT should 
be 
connected 
to pin 32 and the inner foil to the R-C summing 
junction. 
Teflon®, 
or equivalent, 
capacitors 
are recommend- 
ed above 
85°C for their low leakage 
characteristics. 


oo.•. 
•••• 
~ 
Reference Capacitor 


A 1).'F capacitor 
gives good 
results 
in most applications. 
However, 
where 
a large 
reference 
common 
mode 
voltage 
exists 
(i.e. the reference 
low is not at analog 
common) 
and 
a 409.6mV 
scale 
is used, a larger 
value 
is required 
to pre- 
vent 
roll-over 
error. 
Generally 
10).'F will 
hold 
the 
roll-over 
error to 0.5 count in this instance. 
Again, Teflon@, or equiva- 
lent capacitors 
should 
be used for temperatures 
above 85"C 
for their 
low leakage 
characteristics. 


Reference Voltage 


The analog 
input required 
to generate 
a full scale 
output 
of 4096 counts 
is VIN = 2VREF. Thus for a normalized 
scale, 


a reference 
of 
2.048V 
should 
be 
used 
for 
a 4.096V 
full 
scale, and 204.8mV 
should 
be used for a 0.4096V 
full scale. 


However, 
in many 
applications 
where 
the A/D 
is sensing 
the 
output 
of a transducer, 
there 
will exist 
a scale 
factor 
other 
than 
unity between 
the absolute 
output 
voltage 
to be 
measured 
and 
a desired 
digital 
output. 
For instance, 
in a 
weighing 
system, 
the designer 
might like to have a full scale 
reading 
when 
the 
voltage 
from 
the 
transducer 
is 0.682V. 


Instead 
of dividing 
the 
input 
down 
to 409.6mV, 
the 
input 
voltage 
should 
be measured 
directly 
and a reference 
volt- 
age of 0.341V 
should 
be used. Suitable 
values 
for integrat- 
ing resistor 
and capacitor 
are 33kfl 
and 0.15).'F. This avoids 
a divider 
on the 
input. 
Another 
advantage 
of this 
system 
occurs 
when 
a zero 
reading 
is desired 
for non-zero 
input. 


Temperature 
and 
weight 
measurements 
with 
an offset 
or 
tare 
are examples. 
The 
offset 
may be introduced 
by con- 
necting 
the voltage 
output 
of the transducer 
between 
com- 
mon and analog 
high, and the offset 
voltage 
between 
com- 
mon and analog 
low, observing 
polarities 
carefully. 
Howev- 
er, in processor-based 
systems 
using 
the 
ICL7109, 
it may 
be more efficient 
to perform 
this type of scaling 
or tare sub- 
traction 
digitally 
using software. 


Reference Sources 


The stability 
of the reference 
voltage 
is a major factor 
in 
the overall 
absolute 
accuracy 
of the converter. 
The resolu- 
tion 
of 
the 
ICL7109 
at 
12 
bits 
is one 
part 
in 4096, 
or 
244ppm. 
Thus if the reference 
has a temperature 
coefficient 
of 80ppmrC 
(onboard 
reference) 
a temperature 
difference 
of 3"C will introduce 
a one-bit 
absolute 
error. 


For this reason, 
it is recommended 
that an external 
high- 


quality 
reference 
be used where the ambient 
temperature 
is 
not 
controlled 
or where 
high-accuracy 
absolute 
measure- 


ments 
are being 
made. 


The 
ICL7109 
provides 
a 
REFerence 
OUTput 
(pin 
29) 
which 
may 
be used 
with 
a resistive 
divider 
to generate 
a 
suitable 
reference 
voltage. 
This output 
will sink up to about 
20mA 
without 
significant 
variation 
in output 
voltage, 
and is 
provided 
with 
a pullup 
bias 
device 
which 
sources 
about 
10).'A. The output 
voltage 
is nominally 
2.8V below 
V+, 
and 
has a temperature 
coefficient 
of ±80ppmrC 
typo When us- 
ing the 
on board 
reference, 
REF 
OUT 
(Pin 29) 
should 
be 
connected 
to REF - 
(pin 39), and 
REF + should 
be con- 
nected 
to the wiper 
of a precision 
potentiometer 
between 
REF OUT 
and V+. 
The circuit 
for a 204.8mV 
reference 
is 
shown 
in the test circuit. 
For a 2.048mV 
reference, 
the fixed 
resistor 
should 
be removed, 
and a 25kfl 
precision 
potenti- 
ometer 
between 
REF OUT and V+ 
should 
be used. 


Note that if pins 29 and 39 are tied together 
and pins 39 


and 40 accidentally 
shorted 
(e.g., during 
testing), 
the refer- 
ence 
supply 
will sink enough 
current 
to destroy 
the device. 
This can be avoided 
by placing 
a 1kfl 
resistor 
in series with 
pin 39. 


DETAILED 
DESCRIPTION 
Digital Section 


The digital 
section 
includes 
the clock 
oscillator 
and scal- 
ing circuit, 
a 12-bit 
binary 
counter 
with 
output 
latches 
and 
TIL-compatible 
three-state 
output 
drivers, 
polarity, 
over- 


range 
and 
control 
logic, 
and 
UART 
handshake 
logic, 
as 


shown 
in Figure 
5. 


Throughout 
this description, 
logic levels will be referred 
to 
as "low" 
or "high". 
The actual 
logic levels are defined 
in the 


Electrical 
Characteristics 
Table. 
For minimum 
power 
con- 
sumption, 
all inputs 
should 
swing 
from 
GND 
(low) 
to V+ 


(high). 
Inputs 
driven 
from 
TIL 
gates 
should 
have 
3-5kfl 


pullup 
resistors 
added 
for maximum 
noise immunity. 


MODE Input 


The MODE input is used to control 
the output 
mode of the 


converter. 
When the MODE pin is low or left open (this input 


is provided 
with 
a pulldown 
resistor 
to ensure 
a low 
level 
when 
the 
pin is left open), 
the converter 
is in its "Direct" 


output 
mode, 
where 
the output 
data 
is directly 
accessible 
3 


under the control 
of the chip and by1e enable 
inputs. 
When 


the 
MODE 
input 
is pulsed 
high, 
the 
converter 
enters 
the 


UART handshake 
mode 
and outputs 
the data in two by1es, 


then returns 
to "direct" 
mode. When the MODE input is left 


high, the converter 
will output 
data in the handshake 
mode 


at the end of every conversion 
cycle. 
(See section 
entitled 
"Handshake 
Mode" 
for further 
details). 


STATUS Output 


During a conversion 
cycle, 
the STATUS 
output 
goes high 
at the beginning 
of Signal Integrate 
(Phase 
II), and goes low 
one-half 
clock 
period 
after 
new 
data 
from 
the 
conversion 
has been stored 
in the output 
latches. 
See Figure 4 for de- 


tails of this timing. This signal may be used as.a "data 
valid" 


flag (data 
never changes 
while 
STATUS 
is low) to drive in- 


terrupts, 
or for monitoring 
the status 
of the converter. 


RUN/HOLD Input 


When 
the RUN/HOLD 
input is high, or left open, 
the cir- 


cuit 
will continuously 
perform 
conversion 
cycles, 
updating 
the 
output 
latches 
after 
zero 
crossing 
during 
the 
Deinte- 


grate (Phase 
111) portion 
of the conversion 
cycle 
(See Figure 


4). In this 
mode 
of operation, 
the conversion 
cycle 
will be 


performed 
in 8192 clock 
periods, 
regardless 
of the resulting 
value. 


If RUN/HOLD 
goes 
low at any time 
during 
Deintegrate 
(Phase 
III) after the zero crossing 
has occurred, 
the circuit 


will 
immediately 
terminate 
Deintegrate 
and 
jump 
to Auto- 
Zero. This feature 
can be used to eliminate 
the time spent in 
Deintegrate 
after the zero-crossing. 
If RUN/HOLD 
stays or 


goes 
low, 
the 
converter 
will 
ensure 
minimum 
Auto-Zero 
time, and then wait in Auto-Zero 
until the RUN/HOLD 
input 
goes high. The converter 
will begin the Integrate 
(Phase 
11) 


portion 
of the next conversion 
(and the STATUS 
output 
will 


go high) seven clock 
periods 
after the high level is detected 
at RUN/HOLD. 
See Figure 6 for details. 
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Using 
the 
RUN/HOLD 
input 
in this 
manner 
allows 
an 
easy 
"convert 
on demand" 
interface 
to be used. The con- 
verter 
may be held at idle in auto-zero 
with RUN/HOLD 
low. 
When 
RUN/HOLD 
goes high the conversion 
is started, 
and 
when the STATUS 
output 
goes low the new data is valid (or 
transferred 
to the 
UART - 
see 
Handshake 
Mode). 
RUN/ 
HOLD 
may now be taken 
low which 
terminates 
deintegrate 
and 
ensures 
a minimum 
Auto-Zero 
time 
before 
the 
next 
conversion. 


Alternately, 
RUN/HOLD 
can be used to minimize 
conver- 
sion 
time 
by ensuring 
that 
it goes 
low during 
Deintegrate, 
after 
zero 
crossing, 
and 
goes 
high 
after 
the 
hold 
point 
is 
reached. 
The required 
activity 
on the RUN/HOLD 
input can 
be provided 
by connecting 
it to the Buffered 
Oscillator 
Out- 
put. In this mode 
the conversion 
time is dependent 
on the 
input value measured. 
Also refer to Harris Application 
Bulle- 
tin A032 
for a discussion 
of the 
effects 
this 
will 
have 
on 
Auto-Zero 
performance. 


If the 
RUN/HOLD 
input 
goes 
low and 
stays 
low during 
Auto-Zero 
(Phase 
I), the 
converter 
will 
simply 
stop 
at the 
end of Auto-Zero 
and wait for RUN/HOLD 
to go high. As 
above, 
Integrate 
(Phase 
II) begins 
seven 
clock 
periods 
after 
the high level is detected. 
Direct Mode 


When the MODE pin is left at a low level, the data outputs 
(bits 1 through 
8 low order 
byte, bits 9 through 
12, polarity 
and over-range 
high order 
byte) are accessible 
under 
con- 
trol of the byte and chip enable 
terminals 
as inputs. 
These 
three 
inputs 
are all active 
low, and are provided 
with pullup 
resistors 
to ensure 
an inactive 
high 
level 
when 
left open. 


When 
the 
chip 
enable 
input 
is low, 
taking 
a byte 
enable 
input low will allow the outputs 
of that byte to become 
active 
(three-stated 
on). This allows 
a variety 
of parallel 
data ac- 
cessing 
techniques 
to be used, as shown 
in the section 
enti- 
tled 
"Interfacing." 
The 
timing 
requirements 
for these 
out- 
puts are shown 
in Figure 7 and Table 
2. 


Table 2 - 
Direct Mode Timing 
Requirements 
(See Note 4 of Electrical Characteristics) 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNIT 


tBEA 
Byte Enable Width 
350 
220 
ns 


tOAB 
Data Access 
Time 
210 
350 
from Byte Enable 
ns 


tOHB 
Data Hold Time 
150 
300 
from Byte Enable 
ns 


teEA 
Chip Enable Width 
400 
260 
ns 


tOAC 
Data Access 
Tima 
260 
400 
from Chip Enable 
ns 


tOHC 
Data Hold Time 
240 
400 
from Chip Enable 
ns 


It should 
be noted that these control 
inputs are asynchro- 
nous with respect 
to the converter 
clock - 
the data may be 
accessed 
at any 
time. 
Thus 
it is possible 
to 
access 
the 
latches 
while 
they 
are being 
updated, 
which 
could 
lead to 
erroneous 
data. 
Synchronizing 
the 
access 
of the 
latches 
with the conversion 
cycle 
by monitoring 
the STATUS 
output 
will 
prevent 
this. 
Data 
is never 
updated 
while 
STATUS 
is 
low. 
Handshake Mode 


The handshake 
output 
mode is provided 
as an alternative 
means 
of interfacing 
the ICL7109 
to digital 
systems, 
where 
the AID 
converter 
becomes 
active 
in controlling 
the flow of 
data 
instead 
of passively 
responding 
to chip 
and 
byte en- 
able 
inputs. 
This 
mode 
is specifically 
designed 
to allow 
a 
direct 
interface 
between 
the ICL7109 
and industry-standard 
UARTs 
(such as the Harris IM6402/3) 
with no external 
logic 
required. 
When 
triggered 
into 
the 
handshake 
mode, 
the 


ICL7109 
prOVides all the control 
and flag signals 
necessary 
to sequentially 
transfer 
two bytes of data into the UART and 
initiate 
their transmission 
in serial 
form. 
This greatly 
eases 
the task and reduces 
the cost of designing 
remote 
data ac- 
quisition 
stations 
using serial data transmission. 


Entry 
into 
the 
handshake 
mode 
is 
controlled 
by 
the 
MODE 
pin. 
When 
the 
MODE 
terminal 
is held 
high, 
the 
ICL7109 
will enter 
the handshake 
mode after new data has 
been stored 
in the output 
latches 
at the end of a conversion 
(See 
Figures 
8 and 
9). The 
MODE 
terminal 
may also 
be 
used to trigger 
entry into the handshake 
mode 
on demand. 


At any time 
during 
the 
conversion 
cycle, 
the 
low 
to high 
transition 
of a short 
pulse 
at the 
MODE 
input 
will 
cause 
immediate 
entry into the handshake 
mode. 
If this pulse oc- 


curs 
while 
new 
data 
is being 
stored, 
the 
entry 
into 
hand- 


shake 
mode 
is delayed 
until 
the data 
is stable. 
While 
the 
converter 
is in the 
handshake 
mode, 
the 
MODE 
input 
is 


ignored, 
and 
although 
conversions 
will 
still 
be performed, 


data updating 
will be inhibited 
(See Figure 
10) until the con- 


verter completes 
the "Output cycle and clears the handshake 
- 


mode. 


When the converter 
enters the handshake 
mode, or when 
the MODE input is high, the chip and byte enable 
terminals 
become 
TTL-compatible 
outputs 
which 
provide 
the control 
signals 
for the output 
cycle 
(See Figures 
8, 9, and 10). 


In handshake 
mode, 
the SEND 
input is used by the con- 
• 
verter 
as an indication 
of the ability 
of the receiving 
device 
(such as a UART) 
to accept 
data. 


Figure 
8 shows. the 
sequence 
of the 
output 
cycle 
with 
SEND. held"high. 
The 
handshake 
mode 
(Internal 
MODE 
high) is·entered 
after-the 
data latch pulse, and since MODE 
remains 
high the CE/LOAD, 
LBEN and HBEN terminals 
are 


active 
as 
outputs. 
The 
high 
level 
at 
the 
SEND. 
input 
is 
sensed 
on the 
same 
high to low internat 
clock 
edge 
that 
terminates 
the 
data 
latch 
pulse. 
On the 
next 
low to 
high 
internal 
clock 
edge 
the 
CE/LOAD 
and the 
HBEN 
outputs 
assume 
a low level, and the high-order 
byte (bits 9 through 
12, POL, and OR) outputs 
are enabled. 
The CE/LOAD 
out- 
put remains 
low for one full internal 
clock 
period 
only, 
the 


data 
outputs 
remain 
active 
for 1-% 
internal 
clock 
periods, 


and the high byte enable 
remains 
low for two clock 
periods. 


Thus 
the 
CE/LOAD 
output 
low 
level 
or low to high 
edge 
may be used as a synchronizing 
signal to ensure 
valid..data, 


and the 
byte enable 
as an output 
may be used as a byte 


identification 
flag. With SEND 
remaining 
high the converter 
completes 
the 
output 
cycle 
using 
CE/LOAD 
and 
LBEN' 


while the low order byte outputs 
(bits 1 through 
8) are acti- 


vated. 
The handshake 
mode is terminated 
when 
both bytes 


are sent. 


Figure 9 shows 
an output 
sequence 
where 
the SEND 
in- 


put is used to delay portions 
of the sequence, 
or handshake 


to ensure 
correct 
data transfer. 
This timing 
diagram 
shows 
the 
relationships 
that 
occur 
using 
an 
industry-standard 
IM6402/3 
CMOS UART to interface 
to serial data channels. 


In this interface, 
the SEND input to the ICL7109 
is driven by 


the TBRE 
(Transmitter 
Buffer 
Register 
Empty) 
output 
of the 


UART, 
and 
the 
CE/LOAD 
terminal 
of the 
ICL7109 
drives 


the 
TBRL 
(Transmitter 
Buffer 
Register 
Load) 
input 
to the 


UART. The data outputs 
are paralleled 
into the eight Trans- 


mitter 
Buffer 
Register 
inputs. 


MODE 
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Assuming 
the UART Transmitter 
Buffer 
Register 
is empty, 
the SEND 
input will be high when 
the handshake 
mode 
is 
entered 
after new data is stored. 
The CE/LOAD 
and HBEN 
terminals 
will go low after 
SEND 
is sensed, 
and 
the 
high 
order 
byte 
outputs 
become 
active. 
When 
CE/LOAD 
goes 
high at the end of one clock 
period, the high order byte data 
is clocked 
into the 
UART 
Transmitter 
Buffer 
Register. 
The 
UART TBRE 
output 
will now go low, which 
halts the output 
cycle 
with 
the 
HBEN 
output 
low, 
and the 
high order 
byte 


. outputs 
active. 
When the UART has transferred 
the data to 
the Transmitter 
Register 
and cleared 
the Transmitter 
Buffer 
Register, 
the TBRE 
returns 
high. On the next ICL7109 
inter- 
nal clock 
high to low edge, 
the high order 
byte outputs 
are 
disabled, 
and one-half 
internal 
clock 
later, the HBEN'output 
returns 
high. 
At the 
same 
time, 
the 
CE/LOAD 
and 
LBEN 
outputs 
go low, and the low order 
byte outputs 
become 
ac- 
tive. Similarly, 
when the CE/LOAD 
returns 
high at the end of 
one 
clock 
period, 
the 
low 
order 
data 
is clocked 
into 
the 
UART 
Transmitter 
Buffer 
Register, 
and TBRE 
again 
goes 
low. When 
TBRE 
returns 
to a high it will be sensed 
on the 
next ICL7109 
internal 
clock 
high to low edge, 
disabling 
the 
data 
outputs. 
One-half 
internal 
clock 
later, 
the 
handshake 
mode will be cleared, 
and the CE/LOAD, 
HBEN, and LBEN 
terminals 
return 
high 
and 
stay 
active 
(as 
long 
as MODE 
stays 
high). 


With the 
MODE 
input 
remaining 
high as in these 
exam- 
ples, 
the converter 
will output 
the results 
01 every 
conver- 


sion except 
those completed 
during a handshake 
operation. 


By triggering 
the converter 
into handshake 
mode with a low 
to 
high 
edge 
on 
the 
MODE 
input, 
handshake 
output 
se- 
quences 
may be performed 
on demand. 
Figure 
10 shows 
a 


handshake 
output 
sequence 
triggered 
by such 
an edge. 
In 
addition, 
the SEND 
input is shown 
as being 
low when 
the 


converter 
enters 
handshake 
mode. 
In this case, 
the whole 


output 
sequence 
is controlled 
by the SEND 
input, 
and the 


sequence 
lor the first (high order) 
byte is similar 
to the se- 


quence 
for the second 
byte. This diagram 
also 
shows 
the 
output 
sequence 
taking 
longer 
than 
a conversion 
cycle. 


Note 
that 
the 
converter 
still 
makes 
conversions, 
with 
the 


STATUS 
output 
and RUN/HOLD 
input lunctioning 
normally. 


The 
only 
difference 
is that 
new 
data 
will 
not 
be 
latched 
when 
in handshake 
mode, 
and is therefore 
lost. 


Oscillator 


The 
ICL7109 
is provided 
with 
a versatile 
three 
terminal 


oscillator 
to generate 
the internal 
clock. 
The oscillator 
may 


be overdriven, 
or may be operated 
with 
an RC network 
or 
crystal. 
The OSCILLATOR 
SELECT 
input changes 
the inter- 
nal conliguration 
01 the 
oscillator 
to optimize 
it for 
RC or 
crystal 
operation. 


open 
(the input is provided 
with a pUllup~;~i~to~i',"ihe-~s';ii: 
lator is configured 
for RC operation, 
and the internal 
clock 
will be of the same frequency 
and phase as the signal at the 
BUFFERED 
OSCILLATOR 
OUTPUT. 
The 
resistor 
and 
ca- 
pacitor 
should 
be connected 
as in F:igure'11. 
The circuit will 
oscillate 
at a frequency 
given 
by ·f= 0.45/RC. 
A 100ko. 
re- 
sistor 
is recommended 
for useful 
ranges 
of frequency. 
'For 
optimum 
60Hz 
line rejection, 
the capacitor 
value 
should 
be 
chosen 
such that 2048 clock 
periods 
is close to an integral 
multiple 
of the 
60Hz 
period 
(but 
should 
noLbe 
Jess than' 


50pF). 
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When the OSCILLATOR 
SELECT 
input is Iowa 
feedback 
device 
and 
output 
and 
input 
capacitors 
are added 
to the 
oscillator. 
In this configuration, 
as shown 
in Figure 
12, the 
oscillator 
will operate 
with 
most 
crystals 
in the 
1 to 5MHz 
range 
with 
no external 
components. 
Taking 
the OSCILLA- 
TOR 
SELECT 
input 
low 
also 
inserts 
a fixed 
-+- 58 divider 
circuit 
between 
the 
BUFFERED 
OSCILLATOR 
OUTPUT 
and the 
internal 
clock. 
Using 
an inexpensive 
3.58MHz 
TV 
crystal, 
this division 
ratio provides 
an integration 
time given 
by: 


TINT = (2048 clock 
periods) 
x (TCLOCK) = 33.18 
ms 
58 
where TCLOCK = 3.58 MHz 


This time is very close to two 60Hz periods 
or 33.33ms. 
The 
error 
is less than 
one 
percent, 
which 
will give 
better 
than 
40dB 
60Hz 
rejection. 
The converter 
will operate 
reliably 
at 
conversion 
rates of up to 30 per second, 
which corresponds 
to a clock 
frequency 
of 245.8kHz. 
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gL 
QII, 
\111111;1 
UIO 
V;:I\"IlICllVI 
I::>lU ut::t uvt:nurlv~n, 
lne over- 
u_ 
driving 
signal 
should 
be applied 
at the 
OSCILLATOR 
IN- 
PUT, and the OSCILLATOR 
OUTPUT 
should 
be left open. 


The internal 
clock will be of the same frequency, 
duty cycle, 
and phase as the input signal when OSCILLATOR 
SELECT 
is left open. 
When 
OSCILLATOR 
SELECT 
is at GND, 
the 
clock 
wilL be a 'factor 
of 58 below 
the input frequency. 


When using the ICL7109 
with the IM6403 
UART, it is pos- 
sible 
to 
use 
one 
3.58MHz 
crystal 
for 
both 
devices. 
The 
BUFFERED 
OSCILLATOR 
OUTPUT 
of the ICL71 09 may be 
used to drive the OSCILLATOR 
INPUT of the UART, saving 
the 
need 
for a second 
crystal. 
However, 
the 
BUFFERED 
OSCILLATOR 
OUTPUT 
does not have a great deal of drive 
capability, 
and 
when 
driving 
more 
than 
one 
slave 
device, 
external 
buffering 
should 
be used. 


Test Input- 


When the TEST input is taken tOa level halfway 
between 
- 


V+ 
and GND, 
the counter 
output 
latches 
are enabled, 
al- 
lowing 
the counter 
contents 
to be examined 
anytime. 


When 
the TEST 
input is connected 
to GND, the counter 
outputs 
are all forced 
into the high state, 
and the internal 
clock 
is disabled. 
When 
the 
input 
returns 
to the % (V+ 


-GND) 
voltage 
(or to V+) 
and one clock 
is applied, 
all the 
counter 
outputs 
will be-clocked 
to the low state. This allows 
easy testing 
of the counter 
and its outputs. 


INTERFACING 
Direct Mode 


Figure 13 shows 
some of the combinations 
of chip enable 
and byte enable 
control 
signals 
which 
may be used when 
interfacing 
the ICL7109 
to parallel 
data lines. The CE/LOAD 
input may be tied low, allowing 
either 
byte to be controlled 
by its own 
enable 
as in Figure 
13A. 
Figure 
13B shows 
a 
configuration 
where 
the 
tWo byte 
enables 
are 
connected 
together. 
In this 
configuration, 
the CE/LOAD 
serves 
as a 
chip enable, 
and the HBEN and LBEN may be connected 
to 
GND or serve as a second 
chip enable. 
The 14 data outputs 
will 
all be enabled 
simultaneously. 
Figure 
13C shows 
the 
HBEN and LBEN as flag inputs, 
and CE/LOAD 
as a master 
enable, 
which 
could 
be 
the 
READ 
strobe 
available 
from 
most microprocessors. 


Figure 
14 
shows 
an 
approach 
to 
interfacing 
several 
ICL7109s 
to a bus, ganging 
the HBEN and CBEN signals 
to 
several 
converters 
together, 
and using the CE/LOAD 
inputs 
(perhaps 
decoded 
from 
an address) 
to select 
the 
desired 
converter. 


RUN/HOLD 


HBEN 
UiEN 
• 


RUN/HOLD 
H8EN 
lBEN 


RUN/HOLD 


H8EN 
LBEN 


Some 
practical 
circuits 
utilizing 
the 
parallel 
three-state 
output 
capabilities 
of the ICL7109 
are shown 
in Figures 
15 
through 
20. Figure 
15 shows 
a straightforward 
application 
to 
the 
Intel 
8048/80/85 
microprocessors 
via 
an 
8255PPI, 
where 
the ICL7109 
data outputs 
are active 
at all times. 
The 
1/0 
ports 
of an 8155 
may be used 
in the same 
way. This 
interface 
can be used in a read-any1ime 
mode, 
although 
a 
read 
performed 
while 
the 
data 
latches 
are being 
updated 
will lead to scrambled 
data. This will occur very rarely, in the 
proportion 
of setup-skew 
times to conversion 
time. One way 
to overcome 
this is to read the STATUS 
output 
as well, and 
if it is high, read the data again atter a delay of more than % 


converter 
clock 
period. 
If STATUS 
is now 
low, the second 
reading 
is correct, 
and if it is still high, the first 
reading 
is 
correct. 
Alternatively, 
this 
timing 
problem 
is 
completely 
avoided 
by using 
a read-atter-update 
sequence, 
as shown 
in Figure 
16. Here the high to low transition 
of the STATUS 
output 
drives 
an interrupt 
to the microprocessor 
causing 
it 
to access 
the data latches. 
This application 
also shows 
the 
RUNIHOLD 
input 
being 
used to initiate 
conversions 
under 
software 
control. 


A 
similar 
interface 
to 
Motorola 
MC6800 
or 
Rockwell 
R650X systems 
is shown 
in Figure 
17. The high to low tran- 
sition 
of the STATUS 
output 
generates 
an interrupt 
via the 
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Control 
Register 
B CB1 
line. 
Note 
that 
CB2 
controls 
the 
RUN/HOLD 
pin through 
Control 
Register 
B, allowing 
soft- 
ware-controlled 
initiation 
of conversions 
in this 
system 
as 
well. 


The 
three-state 
output 
capability 
of the 
ICL7109 
allows 
direct 
interfacing 
to most microprocessor 
busses. 
Examples 
of this are shown 
in Figures 
18 and 
19. It is necessary 
to 
carefully 
consider 
the system 
timing 
in this type of interface, 


to be sure that requirements 
for setup 
and hold times, 
and 
minimum 
pulse 
widths 
are met. 
Note 
also 
the drive 
limita- 
tions 
on long buses. 
Generally 
this type of interface 
is only 
favored 
if the memory 
peripheral 
address 
density 
is low so 
that 
simple 
address 
decoding 
can be used. 
Interrupt 
han- 
dling can also require 
many additional 
components, 
and us- 
ing an interface 
device will usually simplify 
the system 
in this 
case. 
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OR 
MCS850X 


89·812 
POL, OR 


ICL7109 


81·88 


STATUS 


RUN/HOLD 
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Handshake Mode 


The handshake 
mode 
allows 
ready interface 
with a wide 
variety 
of external 
devices. 
For instance, 
external 
latches 
may be clocked 
by the 
rising 
edge 
of CE/LOAD, 
and the 
byte enables 
may be used as byte identification 
flags or as 
load enables. 


Figure 
20 
shows 
a handshake 
interface 
to 
Intel 
micro- 
processors 
again using an 8255PPI. 
The handshake 
opera- 
tion with the 8255 
is controlled 
by inverting 
its Input Buffer 
Full (IBF) flag to drive the SEND 
input to the ICL71 09, and 
using 
the CE/LOAD 
to drive the 8255 
strobe. 
The internal 
control 
register 
of the PPI should 
be set in MODE 
1 for the 
port used. 
If the 7109 
is in handshake 
mode 
and the 8255 
IBF flag is low, the next word will be strobed 
into the port. 
The 
strobe 
will 
cause 
IBF 
to 
go 
high 
(SEND 
goes 
low), 
which will keep the enabled 
byte outputs 
active. The PPI will 
generate 
an interrupt 
which 
when 
executed 
will result in the 
data being read. When the byte is read, the IBF will be reset 
low, which 
causes 
the 
ICL7109 
to sequence 
into the next 
byte. This figure shows the MODE input to the ICL7109 
con- 
nected 
to a control 
line on the PPI. If this output 
is left high, 


or tied high separately, 
the data from every conversion 
(pro- 
vided 
the 
data 
access 
takes 
less time 
than 
a conversion) 
will be sequenced 
in two bytes 
into the system. 


If this output 
is made 
to go from 
low to high, the output 
sequence 
can 
be obtained 
on demand, 
and 
the 
interrupt 
may be used 
to reset 
the 
MODE 
bit. Note 
that 
the 
RUNI 
HOLD 
input to the ICL7109 
may also be driven 
by a bit of 
the 8255 so that conversions 
may be obtained 
on command 


under software 
control. 
Note that one port of the 8255 is not 
used, and can service 
another 
peripheral 
device. 
The same 
arrangement 
can also be used with the 8155. 


Figure 
21 shows 
a similar 
arrangement 
with the MC6800 
or MCS650X 
microprocessors, 
except 
that both MODE and 
RUN/HOLD 
are tied high to save port outputs. 


The handshake 
mode is particularly 
convenient 
for direct- 
ly interfacing 
to industry 
standard 
UARTs 
(such as the Har- 
ris IM6402/6403 
or Western 
Digital 
TR1602) 
providing 
a 
minimum 
component 
count 
means 
of serially 
transmitting 
converted 
data. A typical 
UART connection 
is shown 
in Fig- 


ure 2A. In this circuit, 
any word received 
by the UART caus- 
es the UART DR (Data Ready) output to go high. This drives 
the MODE input to the ICL71 09 high, triggering 
the ICL7109 
into handshake 
mode. 
The high order 
byte is output 
to the 
UART first, and when the UART has transferred 
the data to 
the Transmitter 
Register, 
TBRE 
(SEND) 
goes 
high and the 
second 
byte 
is output. 
When 
TBRE 
(SEND) 
goes 
high 
again, 
LBEN 
will 
go 
high, 
driVing 
the 
UART 
DRR 
(Data 
Ready 
Reset) 
which 
will 
signal 
the 
end 
of the 
transfer 
of 
data from the ICL7109 
to the UART. 


Figure 
22 shows 
an extension 
of the 
one 
converter- 
one UART scheme 
to severallCL7109s 
with one UART. 
In 
this circuit, 
the word received 
by the UART (available 
at the 
RBR outputs 
when 
DR is high) is used to select 
which 
con- 
verter will handshake 
with the UART. With no external 
com- 
ponents, 
this scheme 
will allow 
up to eight 
ICL7109s 
to in- 
terface 
with one 
UART. 
Using 
a few 
more 
components 
to 
decode 
the received 
word will allow up to 256 converters 
to 
be accessed 
on one serial line. 


89-812 
POL. 
OR 


ICL7109 


1255 


CEiLOAO 
STiA 
PC< 
(MODEl) 


ANALOG 
SEND 
IBF" 
PC, 
IN 


RUHlHOLD 
Pc. 


MODE 
PC, 
PC, 
INTR 
• 


MC6800 
OR 
MCS650X 


MODE 
CEJ 


UlAli 
89-812 
POL. 
OR 


The applications 
of the ICL7109 
are not limited 
to those 
shown 
here. The purpose 
of these examples 
is to provide 
a 
starting 
point 
for users 
to develop 
useful 
systems, 
and to 
show 
some 
of 
the 
variety 
of 
interfaces 
and 
uses 
of 
the 
ICL7109. 
Many of the ideas suggested 
here may be used in 
combination; 
in particular 
the uses 
of the STATUS, 
RUNt 
HOLD, 
and MODE 
signals 
may be mixed. 


APPLICATION 
NOTES 
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A017 


A018 


"Selecting 
AID 
Converters," 
by David 
Fullagar 


"The 
Integrating 
AID 
Converters," 
by Lee Evans 


"Do's 
and Don'ts 
of Applying 
AID 
Converters," 
by 
Peter Bradshaw 
and Skip Osgood 


"The 
ICL71 04 - 
A Binary Output 
AID 
Converter 
for 
Microprocessors," 
by Peter Bradshaw 


"Understanding 
the Auto-Zero 
and Common 
Mode 
Performance 
of 
the 
ICL7106 
Family," 
by 
Peter 
Bradshaw 


"Interfacing 
Data 
Converters 
& Microprocessors," 


by Peter 
Bradshaw 
et ai, Electronics, 
Dec. 9, 1976. 


ICL7109 
INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Oscillator 
Frequency 
fosc 
= 0.45/RC 
COSC > 50 pF; Rosc > 50 kO 
fosc 
typo = 60 kHz 
or 
fosc 
= 3.58 MHz Crystal 


Oscillator 
Period 
tosc 
= RC/0.45 
tosc 
= 
1/3.58 
MHz (Crystal) 


Integration 
Clock 
Frequency 
fCLOCK = fosc 
(RC Mode) 
fCLOCK = fosc/58 
(Crystal) 
tCLOCK = 
1lfCLOCK 
Integration 
Period 
tiNT = 
2048 x teLOCK 


60/50 
Hz Rejection 
Criterion 
t1NT/t60 Hz or tINT/tSO Hz = 
Integer 
Optimum 
Integration 
Current 
liNT = 20.0 IJ-A 


Full Scale Analog 
Input 
Yoltage 
YINFS Typically 
= 200 mY or 2.0Y 


Integrate 
Resistor 


R 
YINFS 
INT = 
liNT 


Integrate 
Capacitor 
C 
- 
(tiNT) (liNT) 
INT - 
YINT 


Integrator 
Output 
Yoltage 
Swing 
Y 
_ (tiNT) (liNT) 
INT - 
CINT 


YINT Maximum 
Swing: 
(Y- 
+ 0.5Y) < YINT < (y+ 
- 
0.5Y) 
YINT Typically 
= 2.0Y 


AUTOZERO 
(COUNT) 
6143-2048 


Display 
Count 


COUNT = 2048 x yYIN 
REF 
Conversion 
Cycle 
tevc 
= teLOCK x 8192 
__ 
(In Free-Run 
Mode, Run/HOLD 
= 
1) 
when 
fCLOCK = 60 kHz, tevo-= 
133 ms 


Common 
Mode 
Input 
Yolta~e 
(Y- 
+ 
1.0Y) < YIN < (Y 
- 
0.5Y) 


Auto 
Zero Capacitor 
0.01 IJ-F< CAZ < 1.0 IJ-F 


Reference 
Capacitor 
0.11J-F < CREF < 1.0 IJ-F 


YREF 
Biased 
between 
y+ 
and Y- 


YREF '" 
Y+ 
- 
2.8Y 
Regulation 
lost when 
y+ 
to Y- 
~ 6.4Y 
If YREF is not used, float 
output 
pin. 


Power 
Supply: 
Dual ± 5.0Y 
y+ 
= 
+5.0 
to GND 
Y- 
= 
-5.0 
to GND 


Output 
Type: 
Binary 
Amplitude 
with 
Polarity 
and Overrange 
Bits 


Tips: Always 
tie TEST pin HIGH. 
Don't 
leave any inputs 
floating. 
• 


INTEGRATE 
(FIXED 
COUNT) 
2048 


OEINTEGRA TE 
(COUNT) 
0-409S 


HARRIS 
SEMICONDUCTOR 


GENERAL DESCRIPTION 


The Harris ICL7135 
precision 
AID 
converter, 
with its mul- 
liplexed 
BCD output 
and digit drivers, 
combines 
dual-slope 


_conversion 
reliability 
with ± 1 in 20,000 
count 
accuracy 
and 
is ideally 
suited 
for the 
visual 
display 
DVM/DPM 
market. 


The 2.0000V 
full scale capability, 
auto-zero 
and auto-polari- 
ty are combined 
with true ratiometric 
operation, 
almost 
ideal 
differential 
linearity 
and true differential 
input. All necessary 
active 
devices 
are contained 
on a single 
CMOS 
I.C., with 
the exception 
of display 
drivers, 
reference, 
and a clock. 


The 
intersil 
ICL7135 
brings 
together 
an unprecedented 
combination 
of high accuracy, 
versatility, 
and true economy. 


It features 
auto-zero 
to less than 
1O",V, zero 
drift 
of less 
than 
1",vrc, input bias current 
of 10 pA max., and rollover 
error 
of less than 
one count. 
The versatility 
of multiplexed 
BCD 
outputs 
is increased 
by the 
addition 
of several 
pins 
which 
allow 
it to 
operate 
in more 
sophisticated 
systems. 


These 
include 
STROBE, 
OVER RANGE, 
UNDER-RANGE, 


RUN/HOLD 
and BUSY lines, making 
it possible 
to interface 
the circuit 
to a microprocessor 
or UART. 


Part Number 
Temp. 
Range 
Package 


ICL7135CJI 
O'Cto 
+70'C 
28-Pin CERDIP 


ICL7135CPI 
O'Cto 
+70'C 
28-Pin Plastic DIP 


ICL7135 
=:.•. 
4%-Digit 
BCD Output ~ 
AID 
Converter 
g 


FEATURES 


• Accuracy 
Guaranteed 
to ± 1 Count 
Over 
Entire 


± 20,000 
Counts 
(2.0000 
Volts 
Full Scale) 


• Guaranteed 
Zero 
Reading 
for 0 Volts 
Input 


• 1pA Typical 
Input 
Current 


• True 
Differential 
Input 


• True 
Polarity 
at Zero 
Count 
for Precise 
Null 
Detection 


• Single 
Reference 
Voltage 
Required 


• Over-Range 
and Under-Range 
Signals 
Available 
for 
Auto-Range 
Capability 


• All Outputs 
TTL Compatible 


• Blinking 
Outputs 
Gives Visual 
Indication 
of Over- 
range 


• Six Auxiliary 
Inputs/Outputs 
Are Available 
for 
Interfacing 
to UARTs, 
Microprocessors 
or Other 
Circuitry 


• Multiplexed 
BCD Outputs 


SEVEN 
SEG. 
DECODE 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


Supply Voltage 
V+ 
+6V 
V- 
-9V 
Analog 
Input Voltage 
(either input) (Note 
1) 
V+ 
to V- 


Reference 
Input Voltage 
(either input) 
V+ 
to V- 


Clock 
Input 
Gnd to V+ 


Power 
Dissipation 
(Note 
2) 
Ceramic 
Package 
1000mW 


Plastic Package 
.........•................... 
BOOmW 


Operating 
Temperature 
O'C to + 70'C 


Storage 
Temperature 
-65'C 
to + 150'C 


Lead Temperature 
(Soldering, 
10sec) 
300'C 


Note 1: Input voltages 
may exceed 
the supply voltages 
provided the input current is limited to + 1OOILA. 


Note 
2: Dissipation rating assumes 
device is mounted with all leads soldered 
to printed circuit board. 


NOTE: Stresses 
above 
those lisled under 
''Absolute Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ralings only and functional 
operation 
of the device at these or any other conditions above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 
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Figure 2: Pin Configuration 
Outline dwgs JI, PI) 


ELECTRICAL 
CHARACTERISTICS 
(Note 1) 


(V+ = + 5V, V- 
= -5V, 
TA = 25'C, Clock Frequency 
Set for 3 Reading/See) 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


ANALOG (Note 1) (Note 2) 


Zero Input Reading 
VIN=O.OV 
-00000 
±OOOOO 
+00000 
Counts 


VREF= 
1.000V 


Ratiometric 
Error (2) 
VIN=VREF= 
1.000V 
-3 
-1 
0 
Counts 


Linearity 
over 
± Full Scale 
-2V,;;VIN';; 
+2V 
0.5 
1 
LSB 
(error of reading from 


best straight 
line) 


Differential 
Linearity 
-2V,;;VIN';;+2V 
.01 
LSB 
(difference 
between 
worse 


case step of adjacent 
counts 


and ideal step) 


Rollover 
error (Difference 
in 
-VIN 
== +VIN 
;::: 2V 
0.5 
1 
LSB 
reading for equal positive 
& 


negative 
voltage 
near full scale) 


ELECTRICAL 
CHARACTERISTICS 
(Note 1) 


(V+ = +SV. 
V- 
= -SV. 
TA =2S·C. 
Clock Frequency 
Set for 3 Reading/Sec) 
(Continued) 


Symbol 
Characteristics 
Test Conditions 
Mln 
Typ 
Max 
Unit 


en 
Noise (P-P value not 
VIN=OV 


exceeded 
9S% of time) 
Full scale=2.000V 
lS 
,.,.V 


IILK 
Leakage 
Current 
at Input 
VIN=OV 
1 
10 
pA 


Zero Reading 
Drift 
VIN=OV 
O.S 
2 
,.,.V/'C 


0'$TA$70'C 


TC 
Scale Factor Temperature 
VIN= 
+2V 


Coefficient 
(3) 
0$TA$70'C 
2 
S 
ppm/'C 


(ext 
ref. 0 ppm/'C) 


DIGITAL 


INPUTS 


VINH 
2.8 
2.2 
V 


VINL 
1.6 
0.8 


IINL 
Clock in. Run/Hold. 
See Figure 4 
VIN=O 
0.02 
0.1 
mA 


IINH 
VIN= 
+SV 
0.1 
10 
,.,.A 


OUTPUTS 


VOL 
All Outputs 
IOL=1.6mA 
0.2S 
0.40 
V 


VOH 
B1. B2. B4. Be 
IOH= -lmA 
2.4 
4.2 
V 


01. 02. 03. 04. 05 


VOH 
BUSY. STROBE. 
IOH= -lO,.,.A 
4.9 
4.99 
V 


OVER-RANGE. 
UNDER-RANGE 


POLARITY 


SUPPLY 


V+ 
+ SV Supply 
Range 
+4 
+S 
+6 
V 


V- 
- SV Supply Range 
-3 
-S 
-8 
V 


1+ 
+ SV Supply Current 
fc=O 
1.1 
3.0 
mA 


1- 
- SV Supply Current 
fc=O 
0.8 
3.0 


CPO 
Power Dissipation 
Capacitance 
vs. Clock Freq 
40 
pF 


CLOCK 


Clock Freq. (Note 4) 
DC 
2000 
1200 
kHz 


NOTES: 1. Tested in 4-% digit (20.000 count) circuit shown in Figure 3, clock frequency 120kHz. 


2. Tested with a low dielectric absorption integrating capacitor, the 270 
INT. OUT resistor shorted, and RINT = O. See Component selection 
Section. 


3. The temperature 
range can be extended 
to + 700C and beyond as long as the auto-zero 
and reference 
capacitors 
are increased 
to absorb the higher 
leakage of the ICL7135. 


4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See "Max 


Clock Frequency" 
section for limitations on the clock frequency 
range in a system. 
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DETAILED 
DESCRIPTION 
Analog Section 


Figure 
5 shows 
the Block 
Diagram 
of the Analog 
Section 
for the 
ICL7135. 
Each 
measurement 
cycle 
is divided 
into 
four 
phases. 
They 
are (1) auto-zero 
(A-Z), 
(2) signal-inte- 
grate (INT), (3) deintegrate 
(DE) and (4) zero-integrator 
(ZI). 
AUTO-ZERO 
PHASE 


During 
auto-zero 
three 
things 
happen. 
First, 
input 
high 
and low are disconnected 
from the pins and internally 
short- 
ed to analog 
COMMON. 
Second, 
the reference 
capacitor 
is 
charged 
to the reference 
voltage. 
Third, 
a feedback 
loop is 
closed 
around 
the system 
to charge 
the auto-zero 
capacitor 
CAZ to compensate 
for offset 
voltages 
in the buffer 
amplifi- 
er, integrator, 
and comparator. 
Since 
the comparator 
is in- 
cluded 
in the 
loop, the A-Z accuracy 
is limited 
only by the 
noise 
of the system. 
In any case, 
the offset 
referred 
to the 
input is less than 
10J.LV. 


SIGNAL 
INTEGRATE 
PHASE 


During signal 
integrate, 
the auto-zero 
loop is opened, 
the 
internal 
short 
is removed, 
and 
the 
internal 
input 
high and 
low are connected 
to the external 
pins. The converter 
then 
integrates 
the differential 
voltage 
between 
IN HI and IN LO 
for 
a fixed 
time. 
This 
differential 
voltage 
can 
be within 
a 
wide common 
mode 
range; 
within 
one volt of either 
supply. 
If, on the 
other 
hand, 
the 
input 
signal 
has no return 
with 
respect 
to the converter 
power 
supply, 
IN LO can be tied to 
analog 
COMMON 
to establish 
the 
correct 
common-mode 
voltage. 
At the end of this phase, the polarity 
of the integrat- 
ed signal 
is latched 
into the polarity 
F/F. 


II) 
C').•...- 
•••2 
The 
Third 
phase 
is de-integrate, 
or reference 
integrate. 
Input LOW is internally 
connected 
to analog 
COMMON 
and 
input high is connected 
across 
the preViously 
charged 
refer- 
ence 
capacitor. 
Circuitry 
within 
the 
chip 
ensures 
that 
the 
capacitor 
will 
be 
connected 
with 
the 
correct 
polarity 
to 
cause 
the integrator 
output 
to return 
to zero. 
The time 
re- 
quired 
for the output 
to return to zero is proportional 
to the 
input 
signal. 
Specifically 
the 
digital 
reading 
displayed 
is: 


OUTPUT 
COUNT 
= 10,000 
( 
VIN ). 
VREF 
ZERO 
INTEGRATOR 
PHASE 


The final phase is zero integrator. 
First, input low is short- 
ed to analog 
COMMON. 
Second, 
a feedback 
loop is closed 
around 
the system 
to input high to cause 
the integrator 
out- 
put to return 
to zero. 
Under 
normal 
condition, 
this 
phase 
lasts from 
100 to 200 clock 
pulses, 
but after an overrange 
conversion, 
it is extended 
to 6200 clock 
pulses. 


Differential Input 


The input can accept 
differential 
voltages 
anywhere 
with- 
in the common 
mode range of the input amplifier; 
or specifi- 
cally 
from 
0.5 volts 
below 
the 
positive 
supply 
to 
1.0 volt 
above 
the negative 
supply. 
In this range 
the system 
has a 
CMRR 
of 86 dB typical. 
However, 
since the integrator 
also 
swings 
with the common 
mode voltage, 
care must be exer- 
cised 
to assure 
the integrator 
output 
does 
not saturate. 
A 
worst 
case 
condition 
would 
be a large 
positive 
common- 
mode 
voltage 
with a near full-scale 
negative 
differential 
in- 
put voltage. 
The negative 
input signal 
drives 
the integrator 
positive 
when 
most 
of its swing 
has been 
used 
up by the 
positive 
common 
mode 
voltage. 
For these 
critical 
applica- 
tions 
the integrator 
swing 
can be reduced 
to less than the 
recommended 
4V full scale swing with some loss of accura- 
cy. The integrator 
output 
can swing within 
0.3 volts of either 
supply without 
loss of linearity. 


ICL8069 
1.2V 
REFERENCE 


REF HI 


7135 


II) 
C'I.•. 
•••g 
Analog Common 


Analog 
COMMON 
is used as the input low return 
during 
auto-zero 
and de-integrate. 
If IN LO is different 
from analog 
COMMON, 
a common 
mode 
voltage 
exists 
in the 
system 
and is taken 
care of by the excellent 
CMRR 
of the convert- 
er. However, 
in most applications 
IN LO will be set at a fixed 
known 
voltage 
(power 
supply 
common 
for instance). 
In this 
application, 
analog 
COMMON 
should 
be tied.to 
the same 
point, 
thus 
removing 
the 
common 
mode 
voltage 
from 
the 
converter. 
The 
reference 
voltage 
is referenced 
to analog 
COMMON. 
Reference 


The reference 
input must be generated 
as a positive 
volt- 
age with respect 
to COMMON, 
as shown 
in Figure 6. 


DETAILED 
DESCRIPTION 
Digital Section 


Figure 7 shows 
the Digital Section 
of the 7135. The 7135 
includes 
several 
pins which 
allow 
it to operate 
conveniently 
in more sophisticated 
systems. 
These 
include: 


Run/HOLD 
(Pin 25). When high (or open) the AID 
will free- 
run with equally 
spaced 
measurement 
cycles 
every 40,002 
clock 
pulses. 
If taken low, the converter 
will continue 
the full 
measurement 
cycle 
that it is doing and then hold_this 
read- 
ing as long as R/R 
is held low. A short positive 
pulse (great- 
er than 
300ns) 
will now initiate 
a new measurement 
cycle, 
beginning 
with between 
1 and 10,001 cOtmts of auto zero. If 
the pulse occurs 
before 
the full measurement 
cycle 
(40,002 
counts) 
is completed, 
it will not be recognized 
and the con- 
verter 
will simply 
complete 
too measurement 
it is doing. An 
external 
indication 
that 
a full measurement 
cycle 
has been 
completed 
is that the first strobe 
pulse 
(see below) 
will oc- 
cur 
101 counts 
after 
the 
end 
of this 
cycle. 
Thus, 
if. Run/ 
HOLD 
is low and has been low for at least 
101 counts, 
the 
converter 
is holding 
and ready to start a new measurement 
when 
pulsed 
high. 


STROBE 
(Pin 26). This is a negative 
going output 
pulse that 
aids 
in 
transferring 
the 
BCD 
data 
to 
external 
latches, 
UARTs 
or 
microprocessors. 
There 
are 
5 negative 
going 
STROBE 
pulses that occur in the center 
of each of the digit 
drive pulses 
and occur 
once 
and only once 
for each 
mea- 
surement 
cycle 
starting 
101 pulses 
after the end of the full 
measurement 
cycle. 
Digit 5 (MSD) 
goes 
high at the end of 
the measurement 
cycle 
and stays on for 201 counts. 
In the 
center 
of this digit pulse 
(to avoid 
race conditions 
between 
changing 
BCD 
and 
digit 
drives) 
the 
first 
STROBE 
pulse 
goes 
negative 
for V. clock 
pulse width. 
Similarly, 
after digit 
5, digit 4 goes 
high (for 200 clock 
pUlses) 
and 
100 pulses 
later the STROBE 
goes 
negative 
for the second 
time. This 
continues 
through 
digit 
1 (LSD) 
when 
the 
fifth 
and 
last 
STROBE 
pulse 
is sent. The digit drive will continue 
to scan 
(unless 
the previous 
signal was overrange) 
but no additional 
STROBE 
pulses 
will 
be sent 
until 
a new 
measurement 
is 
available. 


BUSY 
(Pin 
21). BUSY goes high at the beginning 
of signal 
integrate 
and stays high until the first clock 
pulse after zero- 
crossing 
(or after 
end 
of measurement 
in the 
case 
of an 
overrange). 
The 
internal 
latches 
are enabled 
(i.e., loaded) 
during the first clock 
pulse after busy and are latched 
at the 
end of this clock 
pulse. 
The circuit 
automatically 
reverts 
to 


auto-zero 
when 
not BUSY, 
so it may also 
be considered 
a 
(ZI + AZ) signal. 
A very 
simple 
means 
for transmitting 
the 
data down 
a single 
wire pair from 
a remote 
location 
would 
be to AND 
BUSY 
with 
clock 
and 
subtract 
10,001 
counts 
from 
the number 
of pulses 
received 
- as mentioned 
previ- 
ously there is one "NO-count" 
pulse in each reference 
inte- 
grate 
cycle. 


• 
OVER-RANGE 
(Pin 
27). This 
pin goes 
positive 
when 
the 
input 
signal 
exceeds 
the 
range. (20,000) 
of the 
converter. 


The output 
F/F 
is set at the end of BUSY 
and is reset 
to 
zero 
at the 
beginning 
of 
Reference 
integrate 
in the 
next 
measurement 
cycle. 


UNDER-RANGE 
(Pin 28). This pin goes 
positive 
when 
the 
reading 
is 9% of range or less. The output 
F/F 
is set at the 
end 
of BUSY 
(if the 
new 
reading 
is 1800 
or less) 
and 
is 
reset 
at the beginning 
of signal 
integrate 
of the next read- 
ing. 


POLARITY 
(Pin 23). This pin is positive 
for a positive 
input 
signal. 
It is valid 
even 
for a zero 
reading. 
In other 
words, 
+ 0000 
means 
the signal 
is positive 
but less than the least 
significant 
bit. The converter 
can be used as a null detector 
by forcing 
equal 
frequency 
of (+) 
and 
(-) 
readings. 
The 
null at this point 
should 
be less than 
0.1 LSB. This output 
becomes 
valid 
at the beginning 
of reference 
integrate 
and 
remains 
correct 
until it is re-validated 
for the next measure- 
ment. 


Digit 
Drives 
(Pins 
12, 17, 18, 19 and 20). Each digit drive is 
a positive 
going 
signal 
that 
lasts for 200 clock 
pulses. 
The 
scan 
sequence 
is 05 (MSO), 
04, 03, 02 and 01 (LSD). All 
five digits 
are scanned 
and this scan 
is continuous 
unless 
an over-range 
occurs. 
Then all digit drives 
are blanked 
from 
the end of the strobe 
sequence 
until the beginning 
of Refer- 


ence 
Integrate 
when 
05 will start the scan 
again. 
This can 
give a blinking 
display 
as a visual 
indication 
of over-range. 


BCD 
(Pins 
13, 14, 15 and 
16). The Binary 
coded 
Decimal 
bits Be, B4' B2 and B1 are positive 
logic signals 
that go on 
simultaneously 
with the digit driver 
signal. 


For 
optimum 
performance 
of 
the 
analog 
section, 
care 
must 
be taken 
in the selection 
of values 
for the integrator 
capacitor 
and resistor, 
auto-zero 
capacitor, 
reference 
volt- 
age, and conversion 
rate. These 
values 
must be chosen 
to 
suit the particular 
application. 
Integrating Resistor 


The integrating 
resistor 
is determined 
by the full scale 
in- 
put 
voltage 
and 
the 
output 
current 
of the 
buffer 
used 
to 
charge 
the 
integrator 
capacitor. 
Both 
the 
buffer 
amplifier 
and the integrator 
have a class 
A output 
stage with 
100,...A 
of quiescent 
current. 
They can supply 20,...A of drive current 
with negligible 
non-linearity. 
Values 
of 5 to 40,...A give good 
results, 
with a nominal 
of 20,...A, and the exact value of inte- 


grating 
resistor 
may be chosen 
by 


R 
_ full scale voltage 
INT- 
20,...A 


Integrating Capacitor 


The 
product 
of integrating 
resistor 
and capacitor 
should 
be selected 
to give the maximum 
voltage 
swing 
which 
en- 
sures that the tolerance 
built-up 
will not saturate 
the integra- 
tor swing 
(approx. 
0.3 volt from 
either 
supply). 
For 
± 5 volt 
supplies 
and 
analog 
COMMON 
tied 
to 
supply 
ground, 
a 


±3.5 
to 
±4 
volt 
full 
scale 
integrator 
swing 
is fine, 
and 
0.47,...F is nominal. 
In general, 
the value 
of CINT is given 
by 


[10,000 x clock 
period) x liNT 
CINT=( 
) 
integrator 
output voltage 
swing 


(10,000) 
(clock period) 
(20,...A) 


integrator 
output 
voltage 
swing 


A very important 
characteristic 
of the integrating 
capaci- 
tor is that it has low dielectric 
absorption 
to prevent 
roll-over 
or ratiometric 
errors. 
A good test for dielectric 
absorption 
is 
to use the capacitor 
with the input tied to the reference. 


This ratio metric 
condition 
should 
read half scale 
0.9999, 
and any deviation 
is probably 
due to dielectric 
absorption. 
Polypropylene 
capacitors 
give 
undetectable 
errors 
at rea- 
sonable 
cost. 
Polystyrene 
and 
polycarbonate 
capacitors 
may also be used in less critical 
applications. 
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Auto-Zero and Reference Capacitor 


The physical 
size of the auto-zero 
capacitor 
has an influ- 
ence 
on the noise 
of the system. 
A larger 
capacitor 
value 
reduces 
system 
noise. A larger physical 
size increases 
sys- 
tem noise. The reference 
capacitor 
should 
be large enough 
such that stray capacitance 
to ground 
from its nodes is neg- 
ligible. 


zero cap are OnlY ImpOrtant 
at power-on 
or wnen 
me CirCUli 
is recovering 
from 
an overload. 
Thus, 
smaller 
or cheaper 
caps can be used here if accurate 
readings 
are not required 
for the first few seconds 
of recovery. 
Reference Voltage 


The analog 
input required 
to generate 
a full-scale 
output 
is V'N = 2 VREF. 


The stability 
of the reference 
voltage 
is a major 
factor 
in 


the overall 
absolute 
accuracy 
of the converter. 
For this rea- 
son, 
it is recommended 
that 
a high 
quality 
reference 
be 
used where 
high-accuracy 
absolute 
measurements 
are be- 
ing made. 
Rollover Resistor and Diode 


A small rollover 
error occurs 
in the 7135, 
but this can be 
easily 
corrected 
by adding 
a diode 
and 
resistor 
in series 
between 
the 
INTegrator 
OUTput 
and analog 
COMMON 
or 
ground. 
The value 
shown 
in the schematics 
is optimum 
for 
the 
recommended 
conditions, 
but 
if integrator 
swing 
or 
clock 
frequency 
is modified, 
adjustment 
may 
be 
needed. 
The diode 
can be any silicon 
diode, 
such as 1N914. These 
components 
can be-eliminated 
if rollover 
error is not impor- 
tant, 
and 
may be altered 
in value 
to correct 
other 
(small) 
sources 
of rollover 
as needed. 
Max Clock Frequency 


The 
maximum 
conversion 
rate 
of 
most 
dual-slope 
A/D 
converters 
is limited 
by the frequency 
response 
of the com- 
parator. 
The comparator 
in this circuit follows 
the integrator 
ramp with a 3",s delay, and at a clock 
frequency 
of 160kHz 
(6",s period) 
half of the first reference 
integrate 
clock 
period 
is lost 
in delay. 
This 
means 
that 
the 
meter 
reading 
will 
change 
from 0 to 1 with a 50",V 
input, 
1 to 2 with 150",V, 
2 
to 3 at 250",V, 
etc. This transition 
at mid-point 
is considered 
desirable 
by most 
users; 
however, 
if the clock 
frequency 
is 
increased 
appreciably 
above 
160kHz, 
the 
instrument 
will 
flash 
"1" 
on noise 
peaks 
even when 
the input is shorted. 


For many-dedicated 
applications 
where the input signal is 
always of one polarity, 
the delay of the comparator 
need not 
be a limitation. 
Since 
the non-linearity 
and noise 
do not in- 
crease 
substantially 
with 
frequency, 
clock 
rates 
of 
up to 
- 
1MHz may be used. For a fixed clock frequency, 
the extra 
count 
or counts 
caused 
by comparator 
delay 
will 
be con- 
stant and can be subtracted 
out digitally. 


The 
clock 
frequency 
may 
be 
extended 
above 
160kHz 
without 
this error, 
however, 
by using a low value 
resistor 
in 
series with the integrating 
capacitor. 
The effect 
of the resis- 
tor is to introduce 
a small pedestal 
voltage 
on to the integra- 
tor output 
at the beginning 
of the reference 
integrate 
phase. 
By careful 
selection 
of the ratio 
between 
this 
resistor 
and 
the integrating 
resistor 
(a few tens 
of ohms 
in the 
recom- 
mended 
circuit), 
the comparator 
delay can be compensated 
and 
the 
maximum 
clock 
frequency 
extended 
by approxi- 
mately 
a factor 
of 3. At higher frequencies, 
ringing and sec- 


ond order 
breaks 
will cause 
significant 
nonlinearities 
in the 
first 
few 
counts 
of the 
instrument 
- see 
Application 
Note 
A017. 


The 
minimum 
clock 
frequency 
is established 
by leakage 
on the 
auto-zero 
and 
reference 
caps. 
With 
most 
devices, 


measurement 
cycles 
as long as 10 seconds 
give no mea- 
surable 
leakage 
error. 
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quencies 
of 
300kHz, 
200kHz, 
150kHz, 
120kHz, 
100kHz, 


40kHz, 
33'f3kHz, 
etc. 
should 
be selected. 
For 50Hz 
rejec- 
tion, 
oscillator 
frequencies 
of 250kHz, 
166%kHz, 
125kHz, 


100kHz, 
etc. would 
be suitable. 
Note that 100kHz 
(2.5 read- 
ings/second) 
will reject 
both 50 and 60Hz. 


The clock 
used should 
be free from 
significant 
phase 
or 
frequency 
jitter. 
Several 
suitable 
low-cost 
oscillators 
are 
shown 
in the Applications 
section. 
The 
multiplexed 
output 
means 
that 
if the display 
takes 
significant 
current 
from 
the 
logic supply, 
the clock 
should 
have good 
PSRR. 


Zero-Crossing Flip-Flop 


The flip-flop 
interrogates 
the data once every clock 
pulse 
after 
the 
transients 
of the 
previous 
clock 
pulse 
and 
half- 
clock 
pulse 
have died 
down. 
False 
zero-crossings 
caused' 


by clock 
pulses 
are not recognized. 
Of course, 
the flip-flop 
delays 
the true zero-crossing 
by up to one 
count 
in every 
instance, 
and 
if a correction 
were 
not 
made, 
the 
display 
would always 
be one count too high. Therefore, 
the counter 
is disabled 
for one clock 
pulse at the beginning 
of phase 
3. 


This 
one-count 
delay 
compensates 
for 
the 
delay 
of 
the 
zero-crossing 
flip-flop, 
and allows 
the correct 
number 
to be 
latched 
into the display. 
Similarly, 
a one-count 
delay 
at the 
beginning 
of phase 
1 gives an overload 
display 
of 0000 
in- 
stead of 0001. 
No delay occurs 
during phase 
2, so that true 
ratiometric 
readings 
result. 
• 
EVALUATING 
THE ERROR SOURCES 


Errors from the "ideal" 
cycle 
are caused 
by: 


1. 
Capacitor 
droop 
due to leakage. 


2. 
Capacitor 
voltage 
change 
due to charge 
"suck-out" 
(the reverse 
of charge 
injection) 
when 
the switches 
turn off. 


3. 
Non-linearity 
of buffer 
and integrator. 


4. 
High-frequency 
limitations 
of buffer, 
integrator 
and 
comparator. 


5. 
Integrating 
capacitor 
non-linearity 
(dielectric 
absorp- 
tion.) 


6. 
Charge 
lost by CREF in charging 
Cstray. 


7. 
Charge 
lost by CAl 
and CINT to charge 
Cstray. 


Each of these 
errors 
is analyzed 
for its error contribution 
to 
the 
converter 
in application 
notes 
listed 
on 
the 
back 
page, specifically 
A017 
and A032. 


NOISE 


The 
peak-to-peak 
noise 
around 
zero 
is approximately 
15",V (pk-to-pk 
value 
not exceeded 
95% 
of the time). 
Near 


full scale, this value increases 
to approximately 
30",V. 
Much 
of the noise originates 
in the auto-zero 
loop, and is propor- 
tional 
to the ratio of the input signal to the reference. 


ANALOG AND DIGITAL 
GROUNDS 


Extreme 
care must be taken 
to avoid ground 
loops 
in the 
layout 
of ICL7135 
circuits, 
especially 
in high-sensitivity 
cir- 
cuits. 
It is most 
important 
that 
return 
currents 
from 
digital 
loads are not fed into the analog 
ground 
line. 


POWER SUPPLIES 


The 7135::is 
designed 
to work 
from 
±5V 
supplies. 
How- 
ever, in selected 
applications 
no negative 
supply is required. 


The conditions 
to use a single + 5V supply 
are: 


1. The input signal can be referenced 
to the center 
of the 
common 
mode 
range 
of the converter. 


2. The signal 
is less than 
± 1.5 volts. 


See "differential 
input" 
for a discussion 
of the effects 
this 
will have on the integrator 
swing without 
loss of linearity. 


TYPICAL 
APPLICATIONS 


The circuits 
which follow 
show some of the wide variety 
of 
possibilities, 
and serve to illustrate 
the exceptional 
versatili- 


ty of this AID 
converter. 


Figure 
9 
shows 
the 
complete 
circuit 
for 
a 
4-% 
digit 
(± 2.000V) 
full 
scale) 
AID 
with 
LED 
readout 
using 
the 
ICL8069 
as a 1.2V temperature 
compensated 
voltage 
refer- 


ence. 
It uses 
the 
band-gap 
principal 
to achieve 
excellent 
stability 
and 
low noise 
at reverse 
currents 
down 
to 50I-'A. 


The circuit 
also shows 
a typical 
R-C input filter. 
Depending 
on the 
application, 
the 
time-constant 
of this 
filter 
can 
be 
made faster, 
slower, 
or the filter deleted 
completely. 
The % 
digit LED is driven from the 7 segment 
decoder, 
with a zero 
reading 
blanked 
by connecting 
a D5 signal 
to RBI input of 
the 
decoder. 
The 
2-gate 
clock 
circuit 
should 
use 
CMOS 
gates to maintain 
good 
power 
supply 
rejection. 


II) 
&').•. 
••• 
A 
suitable 
circuit 
for 
driving 
a 
plasma-type 
display 
is rl...- 
shown 
in Figure 
10. The high voltage 
anode 
driver 
buffer 
is 
made by Dionics. 
The 3 AND gates and caps driving 
'BI' are 
needed 
for interdigit 
blanking 
of multiple-digit 
display 
ele- 
ments, 
and can be omitted 
if not needed. 
The 2.5kO & 3kO 
resistors 
set the current 
levels 
in the display. 
A similar 
ar- 
rangement 
can be used with Nixie@ tubes. 


The popular 
LCD displays 
can be interfaced 
to the OIP of 
the 
ICL7135 
with 
suitable 
display 
drivers, 
such 
as 
the 
ICM7211 A as shown 
in Figure 
11. A standard 
CMOS 
4030 
QUAD 
XOR gate is used for displaying 
the % digit, the po- 


larity, and an 'overrange' 
flag. A similar 
circuit 
can be used 
with the 
ICL7212A 
LED driver 
and the 
ICM7235A 
vacuum 
fluorescent 
driver 
with appropriate 
arrangements 
made 
for 
the 
'extra' 
outputs. 
Of 
course, 
another 
full 
driver 
circuit 


could 
be ganged 
to the one shown 
if required. 
This would 
be useful 
if additional 
annunciators 
were 
needed. 
The 
Fig- 
ure shows 
the 
complete 
circuit 
for a 4-% 
digit 
(±2,OOOV) 
AID. 


Figure 
12 shows 
a more 
complicated 
circuit 
for driving 
LCD displays. 
Here the data is latched 
into the ICM7211 
by 
the STROBE 
signal and 'Overrange' 
is indicated 
by blanking 
the 4 full digits. 
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Figure 11: LCD Display with Digit Blanking 
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A problem 
sometimes 
encountered 
with both LED & plas- 
ma-type 
display 
driving 
is that 
of clock 
source 
supply 
line 
variations. 
Since 
the supply 
is shared 
with the display, 
any 
variation 
in voltage 
due to the 
display 
reading 
may cause 
clock 
supply 
voltage 
modulation. 
When 
in overrange 
the 
display 
alternates 
between 
a blank 
display 
and 
the 
0000 
overrange 
indication. 
This shift occurs 
during 
the reference 
integrate 
phase of conversion 
causing 
a low display 
reading 
just 
after 
overrange 
recovery. 
Both 
of the 
above 
circuits 
have considerable 
current 
flowing 
in the digital 
supply 
from 
drivers, 
etc. A clock 
source 
using 
an LM311 
voltage 
com- 
parator 
with 
positive 
feedback 
(Figure 
13) could 
minimize 
any clock 
frequency 
shift problem. 


The 
7135 
is designed 
to work 
from 
±5 
volt 
supplies. 


However, 
if a negative 
supply is not available, 
it can be gen- 
erated 
with an ICL7660 
and two capacitors 
(Figure 
14). 


0342-16 


Figure 14: Generating a Negative Supply 
from +SV 


INTERFACING 
WITH UARTS AND 
MICROPROCESSORS 


Figure 
15 shows 
a very simple 
interface 
between 
a free- 
running 
ICL7135 
and 
a UART. 
The 
five 
STROBE 
pulses 
start 
the 
transmission 
of the 
five 
data 
words. 
The 
digit 
5 
word 
is 
OOOOXXXX, 
digit 
4 
is 
1000XXXX, 
digit 
3 
is 
0100XXXX, 
etc. Also the polarity 
is transmitted 
indirectly 
by 
using it to drive the Even Parity Enable 
Pin (EPE). If EPE of 
the receiver 
is held low, a parity flag at the receiver 
can be 
decoded 
as a positive 
signal, 
no flag as negative. 
A com- 
plex 
arrangement 
is shown 
in Figure 
16. Here 
the 
UART 
can instruct 
the AID 
to begin a measurement 
sequence 
by 
a word 
on 
RRI. The 
BUSY 
signal 
resets 
the 
Data 
Ready 
Reset 
(DRR). Again STROBE 
starts the transmit 
sequence. 
A quad 2 input multiplexer 
is used to superimpose 
polarity, 
over-range, 
and under-range 
onto the 05 word since 
in this 
instance 
it is known 
that B2=B4=B8=0. 
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For correct 
operation 
it is important 
that the UART clock 
be fast 
enough 
that 
each 
word 
is transmitted 
before 
the 
next STROBE 
pulse 
arrives. 
Parity is locked 
into the UART 
at load time but does 
not change 
in this connection 
during 
an output 
stream. 


Circuits 
to interface 
the ICL7135 
directly 
with three 
popu- 
lar microprocessors 
are shown 
in Figures 
17 and 
18. The 
8080/8048 
and the MC6800 
groups 
with 8 bit buses 
need 
to 
have 
polarity, 
over-range 
and 
under-range 
multiplexed 
onto the Digit 5 word - 
as in the UART circuit. 
In each case 
the 
microprocessor 
can 
instruct 
the AID 
when 
to begin 
a 
measurement 
and when 
to hold this measurement. 
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INTEGRATING 
AID 
CONVERTER 
EQUATIONS 


Clock 
Input 


The ICL7135 
does 
not 
have an Internal 
oscillator. 
It re- 


quires 
an external 
clock 


fCLOCK typ = 120 KHz 


Clock 
Period 


tCLOCK = 1lfCLOCK 
Integration 
Period 


tiNT = 10000 
x 
teLOCK 
60/50 Hz Rejection 
Criterion 


tINT/~OHz 
or tlNT/tSOHz = Integer 


Optimum 
Integration 
Current 


liNT = 20.0 IJ-A 


Full Scale Analog 
Input 
Voltage 


VINFS Typically 
= 200 mV or 2.0V 


Integrate 
Resistor 


R 
(VINFS) 
INT = 
(liNT) 


Integrate 
Capacitor 


C 
- 
(tiNT) (liNT) 
INT - 
(VINT) 


Integrator 
Output 
Voltage 
Swing 


V 
- 
(tiNT) (liNT) 
INT - 
(CINT) 


VINT Maximum 
SWing: 


(V- 
+0.5) 
< VINT < (V+ 
-0.5V) 


VINT typically 
= 2.7V 


Display 
Count 


COUNT = 10000 X 
VIN 
VREF 
Conversion 
Cycle 


teyC = teLOCK x 
40002 


when 
fCLOCK = 120 KHz, tCYC = 333 ms 


Common 
Mode 
Input 
Voltage 


(V- 
+ 1.0V) < VIN < (V+ 
-0.5V) 


Auto 
Zero Capacitor 


0.01 IJ-F < CAZ < 1.0 IJ-F 


Reference 
Capacitor 


0.1IJ-F < CREF < 1.0 IJ-F 


Power 
Supply:' 
Dual ± 5.0V 


V+ 
= +5.0 
to GND 


V+ 
= -5.0 
to GND 


Output 
Type: 


4 BCD Nibbles 
With 


Polarity 
and Overrange 
Bits 
• 


There 
Is no Internal 
reference 
available 
on the ICL7135. 
An external 
reference 
is required 
due to the 7135's 
4'1. 


digit 
resolution. 


ADC0802 


ADC0803 


ADC0804 


CA3310/CA3310A 


HI-574A 


HI-674A 


HI-774 


HI-7151 


HI-7152 


HI-7153 


ICL7112 


ICL7115 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 


8-Bit 
IlP-Compatible 
AID 
Converter 
. 


CMOS 
10-Bit AID Converter 
with Internal 
Track and Hold 
. 


Fast, Complete 
12-Bit AID Converter 
with Microprocessor 
Interface 
. 


121ls, Complete 
12-Bit AID 
Converter 
with 
Microprocessor 
Interface 
. 


81ls, Complete 
12-Bit AID 
Converter 
with Microprocessor 
Interface 
. 


10-Bit High-Speed 
AID Converter 
with Track and Hold 
. 


10-Bit High-Speed 
AID 
Converter 
with Track and Hold 
. 


8-Channel 
10-Bit High-Speed 
AID Converter 
with Track and Hold 
. 


12-Bit High-Speed 
CMOS 
IlP-Compatible 
AID 
Converter 
. 


14-Bit High-Speed 
CMOS 
IlP-Compatible 
AID 
Converter 
. 


4-2 
4-2 


4-2 


4-20 


4-35 


4-46 


4-57 


4-70 


4-87 


4-104 


4-105 


4-118 • 


HARRIS 
SEMICONDUCTOR 
ADC0802-ADC0804 
8-Bit fLP-Compatible 
AID 
Converters 


•••o 
CDog 
oC 
IS GENERAL 
DESCRIPTION 


CD 
The ADC0802 family are CMOS 8-bit successive approxi- 
8 
mation AID converters which use a modified potentiometric 
CI 
ladder, and are designed to oper.atewith the 8080A control 
oC 
bus via three-state outputs. These converters appear to the 
processor as memory locations or 1/0 ports, and hence no 
interfacing logic is required. 


The differential analog voltage input has good common- 


mode-rejection, and permits offsetting the analog zero-in- 
put-voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to t!;lefull 8 bits of resolution. 


FEATURES 
• 80C48 and 80C80/85 Bus Compatible - 
No 
Interfacing 
Logic Required 


• Conversion Time<100",s 
• Easy Interface to Most Microprocessors 
• Will Operate In a "Stand Alone" Mode 
• Differential 
Analog Voltage Inputs 
• Works With Bandgap Voltage References 
• TTL Compatible Inputs and Outputs 
• On-Chip Clock Generator 
• OVto 5V Analog Voltage Input Range (Single + 5V 
Supply) 
• No Zero-Adjust 
Required 


Part 
Error 
External 
Temperature 
Package 
Number 
Conditions 
Range 


ADC0802LCN 
± '12 bit 
VREF/2 = 2.500 Voc 
O'Cto +70'C 
20 pin Plastic DIP 
ADC0802LCD 
±o/~bit 
(No Adjustments) 
- 40'C to + 85'C 
20 pin CERDIP 
ADC0802LD 
±1 bit 
-55'C 
to + 125'C 
20 pin CERDIP 
ADC0802LD/HR 
±1 bit 
-55'C 
to + 125'C 
20 pin CERDIP 


ADC0803LCN 
± '12 bit 
VREF/2 Adjusted for 
O'Cto +70'C 
20 pin Plastic DIP 
ADC0803LCD 
±%bit 
Correct Full-Scale 
- 40'C to + 85'C 
20 pin CERDIP 
ADC0803LD 
±1 bit 
Reading 
-55'C 
to + 125'C 
20 pin CERDIP 


ADC0804LCN 
±1 bit 
VREF/2 = 2.500 Voc 
O'Cto +70'C 
20 pin Plastic DIP 
ADC0804LCD 
±1 bit 
(No Adjustments) 
-40'Cto 
+ 85'C 
20 pin CERDIP 


1 cs 
v· 
2 
Ail 
3 
CLKR 
WR 
5 
INTR 
CLKIN 
11 
DB, 
12 
AID 
DIIe 
ViH(+) 
8 
{8-BIT RESOLUTION 
13 
} 
DIFF 
OVERANY DESIRED 
DIIe 
14 
~N(-) 
INPUTS 
ANALOG INPUT 


15 
Da. 
VOLTAGERANGE 


18 
DB, 
AGND 


11 
DBo 
VREFI2 
18 
DB, 
.,.. 
DBo 
DGND 


0334-1 


CLKR 


DBo(LSB) 


DB, 


DB, 


DB, 
Da. 


DIIe 


DBo 


0334-2 


(Outline dwg. CD, CN) 
Figure 2: Pin Configuration 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN UEU OF All 
OTHER 
WARRANTIES. 
EXPRESS. 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIeD 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


cs1 


WR 
3 


ClKR 


19 


INPUT PROTECTION 
FOR All 
lOGIC 
INPUTS 


INPUT 
ClK 
F 


TOINTERNAl 
CIRCUITS 
BY"aov 


START 
CONYERSION 
JL... 
Y+ 
20 


(VREF) 


9 
LADDER 
YREFI2 
AND 
DECODER 


DAC 
AGND 
8 
YOUT 


-=- 
Y+ 


D 


8-BIT 
SHIFT 
REGISTER 


R 
SUCCESSIYE 
APPROX 
REGISTER 
AND lATCH 
-- 


••o 
CDog 
ABSOLUTE 
MAXIMUM 
RATINGS 
C 
Supply Voltage 
6.5V 
Temperature 
Range 


c:. 
Voltage 
at Any Input 
-0.3V 
to (V+ + 0.3V) 
ADC0802/03LD 
- 55·C to + 125·C 
o 
Storage 
Temperature 
Range 
- 65·C to + 150·C 
ADC0802/03/04LCD 
- 40·C to + 85·C 
CD 
Package 
Dissipation 
at TA= + 25·C 
875mW 
ADC0802/03/04LCN 
O·C to + 70·C 
o 
Lead Temperature 
(Soldering, 
10sec) 
300·C 
Supply Voltage 
Range 
4.5V to 6.3V 
g 
NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These arB stress ratings only and functional 
C 
operation 
01 the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Notes 
1 and 7) 
Converter Specifications: 
V+ = 5V, TA = + 25·C and fCLK = 640kHz 
unless otherwise 
stated. 


Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


ADC0802: 
VREF/2 = 2.500V 
±y. 
LSB 


Total Unadjusted 
Error 


ADC0803: 
VREF/2 Adjusted 
for Correct 
±y. 
LSB 
Total Adjusted 
Error 
Full-Scale 
Reading 


ADC0804: 
VREF/2 = 2.500V 
LSB 
Total Unadjusted 
Error 


±1 


VREF/2 
Input Resistance 
Input Resistance 
at Pin 9 
1.0 
1.3 
kO 


Analog 
Input Voltage 
Range 
(Note 2) 
GND-0.05 
V+ +0.05 
V 


DC Common-Mode 
Rejection 
Over Analog 
Input Voltage 
Range 
±'I,. 
±'/s 
LSB 


Power Supply Sensitivity 
V+ 
= 5V ± 10% Over Allowed 


± 'I,. 
±'/s 
LSB 
Input Voltage 
Range 


Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


ADC0802: 
VREF/2 = 2.500V 
Total Unadjusted 
Error 
±y. 
LSB 


ADC0803: 
VREF/2 Adjusted 
for Correct 


Total Adjusted 
Error 
Full-Scale 
Reading 


±y. 
LSB 


ADC0804: 
VREF/2 = 2.500V 
Total Unadjusted 
Error 
±1 
LSB 


VREF/2 
Input Resistance 
Input Resistance 
at Pin 9 
1.0 
1.3 
kO 


Analog 
Input Voltage 
Range 
(Note 2) 
GND-0.05 
V+ +0.05 
V 


DC Common-Mode 
Rejection 
Over Analog 
Input Voltage 
Range 
±'/s 
±% 
LSB 


Power Supply Sensitivity 
V + = 5V ± 10% Over Allowed 
±'I,. 
±'/s 
LSB 
Input Voltage 
Range 


Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


ADC0802: 
VREF/2 
= 2.500V 
±% 
LSB 
Total Unadjusted 
Error 


ADC0803: 
VREF/2 Adjusted 
for Correct 


±% 
LSB 
Total Adjusted 
Error 
Full-Scale 
Reading 


ADC0804: 
VREF/2 
= 2.500V 
±1 
LSB 
Total Unadjusted 
Error 


VREF/2 
Input Resistance 
Input Resistance 
at Pin 9 
1.0 
1.3 
kfi 


Analog 
Input Voltage 
Range 
(Note 2) 
GND-0.05 
V+ +0.05 
V 


DC Common-Mode 
Rejection 
Over Analog 
Input Voltage 
Range 
±Ye 
±Y. 
LSB 


Power Supply Sensitivity 
V + = 5V ± 10% Over Allowed 


±Y'6 
±Ye 
LSB 
Input Voltage 
Range 


Parameter 
rest 
Conditions 
Mln 
Typ 
Max 
Unit 


ADC0802: 
VREF/2 
= 2.500V 
±1 
LSB 
Total Unadjusted 
Error 


ADC0803: 
VREF/2 Adjusted 
for Correct 
±1 
LSB 
Total Adjusted 
Error 
Full-Scale 
Reading 


ADC0804: 
VREF/2 
= 2.500V 
±1Y. 
LSB 
Total Unadjusted 
Error 


VREF/2 
Input Resistance 
Input Resistance 
at Pin 9 
1.0 
1.3 
kfi 


Analog 
Input Voltage 
Range 
(Note 2) 
GND-0.05 
V+ +0.05 
V 


DC Common-Mode 
Rejection 
Over Analog 
Input Voltage 
Range 
±Ye 
±Y. 
LSB 


Power Supply Sensitivity 
V+=5V 
±10%OverAliowed 
±Ye 
±Y. 
LSB 
Input Voltage 
Range 
• 


g DC ELECTRICAL CHARACTERISTICS 
C 
Digital Levels and DC Specifications: 
v+ 
=5V 
and TMIN,;;TA:5:TMAX, 
unless otherwise 
noted. 
I 
(IIo 
CDo 
() 
Q 
C 


Symbol 
Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


CONTROL 
INPUTS 
(Note 6) 


VINH 
Logical 
"1" 
Input Voltage 
V+ =5.25V 
2.0 
V+ 
V 
(Except 
Pin 4 CLK IN) 


VINl 
Logical 
"0" 
Input Voltage 
V+ =4.75V 
0.8 
V 
(Except 
Pin 4 CLK IN) 


V+ 
CLK IN (Pin 4) Positive 
Going 
2.7 
3.1 
3.5 
V 
ClK 
Threshold 
Voltage 


V- 
CLK IN (Pin 4) Negative 
Going 
1.5 
1.8 
2.1 
V 
ClK 
Threshold 
Voltage 


VH 
CLK IN (Pin 4) Hysteresis 
0.6 
1.3 
2.0 
V 
(VClK+)-(VClK-) 


IINHI 
Logical 
"1" 
Input Current 
VIN=5V 
0.005 
1 
,...A 
(All Inputs) 


IINlO 
Logical 
"0" 
Input Current 
VIN=OV 
-1 
-0.005 
,...A 
(All Inputs) 


1+ 
Supply Current 
(Includes 
fClK = 640kHz, 
1.3 
2.5 
mA 


Ladder Current) 
TA= 
+25°C 
and CS=HI 


DC ELECTRICAL CHARACTERISTICS 
Digital Levels and DC Specifications: 
V + = 5V and TMIN:5:TA:5:TMAX. unless otherwise 
noted. 
(Continued) 


Symbol 
Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


DATA 
OUTPUTS 
AND INTR 


VOL 
Logical 
"0" 
Output Voltage 
10=1.6mA 
0.4 
V 
V+ =4.75V 


VOH 
Logical 
"1" 
Output Voltage 
10= -360,...A 
2.4 
V 
V+ =4.75V 


ILO 
3-State 
Disabled 
Output 
VOUT=OV 
-3 
,...A 


Leakage 
(All Data Buffers) 
VOUT=5V 
3 
,...A 


'SOURCE 
Output 
Short Circuit Current 
VOUT Short to Gnd TA = + 25°C 
4.5 
6 
mA 


ISINK 
Output 
Short Circuit Current 
VOUT Short to V+ 
TA = + 25°C 
9.0 
16 
mA 


NOTES: 1. All voltages 
are measured with respect to GND, unless otherwise 
specified. 
The separate AGND point should always be wired to the DGND. being 
careful to avoid ground loops. 
2. For VIN( _)::?:: VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block 
Diagram) 
which will forward 
conduct 
for analog input voltages 
one diode drop below ground or one diode drop greater than the V+ 
supply. Be careful, dUring testing at low V+ 


levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures, 
and cause errors for analog 
inputs near full-scale. As long as the analog VIN does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an 
absolute 
OV to 5V input voltage 
range will therefore 
require a minimum supply voltage 
of 4.950V over temperature 
variations. 
initial tolerance 
and 
loading. 


3. With V + = 6V, the digital logic interfaces 
are no longer TIL compatible. 


4. With an asynchronous 
start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion 
process. 


5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 
converter 
in a reset mode and the start of conversion 
is initiated by the tow to high transition of the WR pulse (see Timing 
Diagrams). 


6. eLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore 
specified separately. 
7. None of these A/Os requires a zero-adjust. 
However, if an all zero code is desired for an analog input other than O.OV,or if a narrow full-scale 
span 
exists (for example: O.5V to 4.0V full·scale) 
the VIN(_) input can be adjusted to achieve this. See Zero Error 
on page 10 of this data sheet. 


AC ELECTRICAL 
CHARACTERISTICS 
Timing Specifications: 
v + = 5V and TA = + 25·C unless otherwise 
stated. 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


fCLK 
Clock 
Frequency 
V+ =6V 
(Note 3) 
100 
640 
1280 
kHz 


V+=5V 
100 
640 
800 
kHz 


!cony 
Clock Periods per Conversion 
(Note 4) 
62 
73 


CR 
Conversion 
Rate In Free-Running 
Mode 
INTR tied to WR with 
8888 
conv/s 
CS=OV, 
fCLK=640kHz 


tW(WRjl 
Width of WR Input (Start Pulse Width) 
CS = OV (Note 5) 
100 
ns 


tace 
Access 
Time (Delay from Falling Edge of 
CL = 1OOpF (Use Bus Driver IC 
135 
200 
ns 
RD to Output 
Data Valid) 
for Larger CLl 


t1h, toh 
3-State 
Control 
(Delay from Rising Edge 
CL = 10pF, RL = 10k 
125 
250 
ns 
of RD to HI-Z State) 
(See 3-State 
Test Circuits) 


tWI. tRI 


Delay from Falling Edge of WR to 
300 
450 
Reset of INTR 
ns 


CIN 
Input Capacitance 
of Logic 
5 
pF 
Control 
Inputs 


COUT 
3-State 
Output Capacitance 
(Data Buffers) 
5 
pF 


-t.- 
2.4V- 
90% 
Rii 
50% 


DATAO~:~::;'h 


OUTPUTS 
--~ 
~ 
GND------ 


y+ 
V .•. 


Rii&-¥.1OkDATA 
cs 
OUTPUT 
c.. 


T 
T T 


2.4V 
Rii 


O.8V 


DATA V+~ 


OUTPUTS 
VOl~ 


tr=20ns 


• 


logic 
Input 
Threshold 
Voltage 
~ 
vs Supply 
Voltage 
",1.8 
l!I~ 
.•• 
1.7 
~ 
9 
1.8 
o 
:z: 


~ 
1.5 
:z:... 


~ 
1.4 
...~~g..• 


1.3 
4.50 
4.75 
5.00 
5.25 
5.50 


y+ -SUPPLY 
YOLTAGE(V) 


l 
R=5Ok 
~"~ 


100 
10 
100 
1000 
CLOCK CAPACITOR (PF) 


0334-11 


Delay 
From 
Falling 
Edge 
of RD to 
Output 
Data 
Valid 
vs load 
CapacitanceI:. 
~300 


'" 


Q2OO~ 


l00~ 
o 
200 
400 
800 
aoo 
1000 


LOAD CAPACITANCE (pF) 


Full-Scale 
Error 
vs FCLK 


7 


8 


•o 
COo 
() 
TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
acI 
ello 
coog 
C 


y+ =4.5Y 


r-r-Y+ 
=5Y 


+ -8V 


o 
400 
aoo 
1200 
1800 
2000 


ICLK(kHzj 


1 
...z 
8 
'"a:a: 
::>o 
~ 
4 
...•.. 
::>o 


I 
I 
Y+ -5V 


blTAoUTPuT 


BUFf~RS 
I 
I 


~~~CE 
YOUT-2.4Y 


-IslNK 
YOUT=0.4Y 
2 
-50-25 
0 
25 
50 
75 
100 
125 


TA-AMBIENTTEMPERATURErC) 


ClK 
IN Schmitt 
Trip 
levels 
vs Supply 
Voltage 
~ 
3.5 
'"l!I 
~ 
3.1 
~ 
Q 
2.7 
S 
:z::a 
2.3 
a: 


~ 
1.9 
~ 


'"..•o 


I I 
I I 
Yr+ 
I--' 


SSoCs TA s + 125°C 
I I 
I I 
Yr- 
II 
I I 
1.5 
4.50 
4.75 
5.00 
5.25 
5.50 


v+ -SUPPLY 
YOLTAGE (V) 


Eff~~t 
of Unadjusted 
Offset 
Error 


""'''''''VJ''"'"N(-+~)-='"'VJ'''N(-_ft)-=..,o'''y~. 
- 
•• 


•. 
14 
ASSUMESYos-2mY. 


•• 
THIS SHOWS THE NEED 
~ 
12 
FOR A ZERO ADJ. IF 
a: 
10 
THE SPAN IS REDUCED. 
i 
8 
a: 
'"ti 
ff!...o 


0.1 
1.0 


VREFI2(V) 


Power 
Supply 
Current 
vs Temperature 
C 
1.8 
'_'._~.~ 
g 
ICLK':'~~Z 
•.• 
1.5 


~ 
yl+I=~.~V 


~ 
1.4 
rt" 


~ 
1.3 
y+ =tJy 
... 
~ 
1.2 
<II 
ffi 
1.1 
~ 
1.0 
-50 
-25 
0 
25 
50 
75 
100 125 


TA-AMBIENT 
TEMPERATURE ("C) 


ACTUAL INTERNAL 
STATUS OF THE 
COIIIVliRTER 


1 TOa xll1CLK ---1--INTERNAL 
Tc 
• 


___ 
3-..!T~E 
~ 


(HI·Z) 
VAUD 
DATA }------ 


:!lo 
~ 0+1 
:>.. 
8 
0 
..• 
~ 0-1 
~ 


m 


I 
I 
I 
I 
I 
I 
I 
I 


m 
I 
I 
I 
I 
I 


...g 
U 0+1 
..~ 
!; 
0 
o..• 
~ 0-1 
~ 


2 


A-1 
A 
A+1 


ANALOQ 
INPUT 
(VIN) 


Figure 6: Clarifying the Error Specs of an AID Converter 


The error curve of Figure 6b shows 
the worst 
case trans- 
fer function 
for the ADCOB02. Here the specification 
guaran- 
tees that if we apply an analog 
input equal to the LSB ana- 


log voltage 
center-value, 
the AID 
will produce 
the correct 
digital code. 


Next to each 
transfer 
function 
is shown 
the correspond- 
ing error plot. Notice 
that the error includes 
the quantization 
uncertainty 
of the AID. 
For example, 
the error at point 
1 of 
Figure 6a is + '10 LSB because 
the digital code appeared 
'10 


LSB in advance 
of the center-value 
of the tread. 
The error 
plots always 
have a constant 
negative 
slope and the abrupt 
upside 
steps 
are always 
1LSB in magnitude, 
unless 
the de- 


vice has missing 
codes. 


UNDERSTANDING 
AID 
ERROR SPECS 


A 
perfect 
AID 
transfer 
characteristic 
(staircase 
wave- 
form) 
is shown 
in Figure 
6a. The horizontal 
scale 
is analog 
input voltage 
and the particular 
points 
labeled 
are in steps 
of 1LSB 
(19.53mV 
with 
2.5V tied to the VREF/2 
pin). The 
digital 
output 
codes 
which 
correspond 
to these 
inputs 
are 
shown 
as 0 -1, 
0, and 0 + 1. For the perfect 
AID, 
not only 
will 
center-value 
(A -1 ,A,A + 1,. 
. 
.) analog 
inputs 
pro- 
duce 
the 
correct 
output 
digital 
codes, 
but also 
each 
riser 
(the transitions 
between 
adjacent 
output 
codes) 
will be lo- 
cated 
± '10 LSB away 
from 
each 
center-value. 
As shown, 
the risers are ideal and have no width. Correct 
digital output 
codes 
will be provided 
for a range of analog 
input voltages 
which 
extend 
± '10 LSB from 
the ideal center-values. 
Each 
tread 
(the range of analog 
input voltage 
which 
provides 
the 
same digital 
output 
code) 
is therefore 
1LSB wide. 


A functional 
diagram 
of the ADC0802 
series 
of AID 
con- 
verters 
is shown 
in Figure 3. All of the package 
pinouts 
are 
shown 
and the major logic control 
paths are drawn in heavi- 
er-weight 
lines. The device 
operates 
on the successive 
ap- 
proximation 
principle 
(see APPLICATION 
NOTES 
A016 and 
A020 
for a more detailed 
description 
of this principle). 
Ana- 
log switches 
are closed 
sequentially 
by successive-approxi- 
mation 
logic 
until 
the 
analog 
differential 
input 
voltage 
[VIN(+)-VIN(-)] 
matches 
a voltage 
derived 
from 
a tapped 
resistor 
string 
across 
the reference 
voltage. 
The 
most 
sig- 
nificant 
bit is tested 
first and after 8 comparisons 
(64 clock 
cycles), 
an 8-bit 
binary 
code 
(1111 
1111 
= 
fUll-scale) 
is 
transferred 
to an output 
latch. 


The 
normal 
operation 
proceeds 
as follows. 
On the high- 
to-low 
transition 
of the WR input, the internal 
SAR latches 
and the shift-register 
stages 
are reset, and the INTR output 
will be set high. As long as the CS input and WR input re- 
main low, the AID 
will remain 
in a reset state. 
Conversion 
will 
start 
from 
1 to 8 clock 
periods 
after 
at least 
one 
of 
these 
inputs 
makes 
a low-to-high 
transition. 
After 
the 
requisite 
number 
of clock 
pulses 
to complete 
the 
conver- 
sion, 
the 
INTR 
pin will make 
a high-to-Iow 
transition. 
This 
can be used to interrupt 
a processor, 
or otherwise 
signal the 
availability 
of a new 
conversion. 
A RD operation 
(with 
CS 
low) will clear the INTR line high again. The device 
may be 
operated 
in the free-running 
mode 
by connecting 
INTR to 
the WR input with CS=O. 
To ensure 
start-up 
under all pos- 
sible conditions, 
an external 
WR pulse is required 
during the 
first power-up 
cycle. 
A conversion-in-process 
can be inter- 
rupted 
by issuing 
a second 
start command. 


Digital Details 


The 
converter 
is started 
by having 
CS and WR simulta- 
neously 
low. This sets the start flip-flop 
(F/F) 
and the result- 
ing "1" 
level resets 
the 8-bit shift register, 
resets 
the Inter- 
rupt (INTR) 
F/F 
and inputs 
a "1" 
to the D flip-flop, 
DFF1, 
which 
is at the input end of the 8-bit shift 
register. 
Internal 
clock 
signals 
then transfer 
this "1" 
to the Q output 
of DFF1. 
The AND 
gate, 
G1, combines 
this 
"1" 
output 
with a clock 
signal 
to provide 
a reset 
signal 
to the start 
FIF. 
If the set 
signal 
is no longer 
present 
(either 
WR or CS is a "1 "), the 
start 
FIF 
is reset and the 8-bit shift register 
then can have 
the "1" 
clocked 
in, which 
starts 
the conversion 
process. 
If 
the set signal were to still be present, 
this reset pulse would 
have no effect 
(both 
outputs 
of the start F/F 
would 
be at a 
"1" 
level) 
and the 8-bit 
shift 
register 
would 
continue 
to be 
held 
in the 
reset 
mode. 
This 
allows 
for 
asynchronous 
or 
wide CS and WR signals. 


After 
the 
"1" 
is clocked 
through 
the 
8-bit 
shift 
register 
(which 
completes 
the SAR operation) 
it appears 
as the in- 
put to DFF2. 
As soon 
as this 
"1" 
is output 
from 
the shift 
register, 
the AND 
gate, G2, causes 
the new digital 
word to 
transfer 
to the 3-state 
output 
latches. 
When 
DFF2 is subse- 
quently 
clocked, 
the Q output 
makes a high-to-low 
transition 
which 
causes 
the INTR F/F 
to set. An inverting 
buffer 
then 
supplies 
the INTR output 
signal. 


When 
data is to be read, the combination 
of both CS and 
RD being low will cause the INTR F/F to be reset and the 3- 
state output 
latches 
will be enabled 
to provide 
the 8-bit digi- 
tal outputs. 


--';'."-" 
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g 
The digital 
control 
inputs 
(CS, RD, and WR) 
meet 
stan- 
C 
dard TIL 
logic voltage 
levels. 
These 
signals 
are essentially 
I 
equivalent 
to the 
standard 
AID 
Start 
and 
Output 
Enable S 
control 
signals, 
and are active low to allow an easy interface 
CD 
to microprocessor 
control 
busses. 
For non-microprocessor 
0 
based 
applications, 
the CS input 
(pin 
1) can 
be grounded 
U 
and the standard 
AID 
Start function 
obtained 
by an active 
~ 
low pulse 
at the WR input (pin 3). The Output 
Enable 
func- 
tion is achieved 
by an active 
low pulse at the RD input (pin 
2). 
Analog Operation 


The 
analog 
comparisons 
are performed 
by a capacitive 
charge 
summing 
circuit. 
Three 
capacitors 
(with 
precise 
ra- 
tioed 
values) 
share 
a common 
node 
with 
the 
input 
to an 
auto-zeroed 
comparator. 
The 
input 
capacitor 
is switched 
between 
VIN(+) 
and VIN(-), 
while two ratioed 
reference 
ca- 
pacitors 
are switched 
between 
taps 
on the reference 
volt- 
age 
divider 
string. 
The 
net 
charge 
corresponds 
to 
the 
weighted 
difference 
between 
the input and the current 
total 
value 
set by the successive 
approximation 
register. 
A cor- 
rection 
is made 
to offset 
the 
comparison 
by '12 LSB 
(see 
Figure 6a). 
Analog Differential Voltage Inputs and 
Common-Mode Rejection 


This 
AID 
gains 
considerable 
applications 
flexibility 
from 
the analog 
differential 
voltage 
input. The VIN( -) 
input (pin 7) 
4 


can be used to automatically 
subtract 
a fixed voltage 
value 
from the input reading 
(tare correction). 
This is also useful in 
4mA - 20mA current 
loop conversion. 
In addition, 
common- 


mode 
noise can be reduced 
by use of the differential 
input. 


The time interval 
between 
sampling 
VIN( +) and VIN( _) is 
4'12 clock 
periods. 
The 
maximum 
error 
voltage 
due to this 
slight time difference 
between 
the input voltage 
samples 
is 
given 
by: 


[ 4.5 ] 
t.ve(MAX) 
= (VpH21Tfern) 
- 
fCLK 
where: 


t.ve 
is the error voltage 
due to sampling 
delay 


Vp is the peak value 
of the common-mode 
voltage 


fern is the common-mode 
frequency 


For example, 
with a 60Hz common-mode 
frequency, 
fern, 
and a 640kHz 
AID 
clock, 
fCLK, keeping 
this error to % LSB 
(- 
5mV) 
would 
allow 
a common-mode 
voltage, 
Vp, given 
by: 


v 
_ [t.Ve(MAXHfCLK)] 


p 
(21TfernH4.5) 


v 
_ (5X 10-3) 
(640 X 103) -1.9V 
p 
(6.28) (60) (4.5) 


The allowed 
range 
of analog 
input voltage 
usually 
places 
more 
severe 
restrictions 
on 
input 
common-mode 
voltage 
levels 
than this. 


An analog 
input voltage 
with a reduced 
span and a rela- 
tively large zero offset 
can be easily handled 
by making 
use 
of the differential 
input (see Reference 
Voltage 
Span 
Ad- 
just)_ 


•••o 
COog 
Analog Input Current 
C 
The 
internal 
switching 
action 
causes 
displacement 
cur- 
I 
rents 
to flow 
at the analog 
inputs. 
The voltage 
on the on- 
~ 
chip capacitance 
to ground 
is switched 
through 
the analog 
CO 
differential 
input 
voltage, 
resulting 
in proportional 
currents 
o 
entering 
the 
VIN(+) 
input 
and 
leaving 
the 
VIN(-) 
input. 


() 
These 
current 
transients 
occur 
at the 
leading 
edge 
of the 
~ 
internal 
clocks. 
They 
rapidly 
decay 
and do 
not 
ibnhderenthlY 
cause 
errors 
as the on-chip 
comparator 
IS stro 
e 
at t e 
end of the clock 
period. 
Input Bypass Capacitors 


Bypass 
capacitors 
at 
the 
inputs 
will 
average 
these 
charges 
and cause 
a DC current 
to flow through 
the output 
resistances 
of 
the 
analog 
signal 
sources. 
This 
charge 
pumping 
action 
is worse 
for 
continuous 
conversions 
with 
the 
VIN(+) 
input 
voltage 
at full-scale. 
For a 640kHz 
clock 
frequency 
with the VIN( +) input at 5V, this DC current 
is at a 
maximum 
of approximately 
5",A. Therefore, 
bypass 
capac- 
itors 
should 
not 
be 
used 
at 
the 
analog 
inputs 
or 
the 
VREI'/2 
pin for high resistance 
sources 
(> 1kn). 
If input by- 
pass 
capacitors 
are necessary 
for noise 
filtering 
and 
high 
source 
resistance 
is desirable 
to 
minimize 
capacitor 
size, 
the effects 
of the voltage 
drop across 
this input resistance, 
due to the average 
value 
of the input current, 
can be com- 
pensated 
by a full-scale 
adjustment 
while 
the given 
source 
resistor 
and input bypass capacitor 
are both in place. This is 
possible 
because 
the average 
value of the input current 
is a 
precise 
linear 
function 
of the differential 
input voltage 
at a 
constant 
conversion 
rate. 


Input Source Resistance 


Large values 
of source 
resistance 
where 
an input bypass 
capacitor 
is not used, will 
not 
cause 
errors 
since the input 
currents 
settle 
out 
prior 
to the 
comparison 
time. 
If a low- 
pass filter is required 
in the system, 
use a low-value 
series 
resistor 
(,;;;1kn) 
for a passive 
RC section 
or add an op amp 
RC active 
low-pass 
filter. For low-source-resistance 
applica- 
tions, 
(,;;;1kn), 
a 0.1 ",F bypass 
capacitor 
at the inputs 
will 
minimize 
EMI due to the series 
lead inductance 
of a long 
wire. A 100n 
series 
resistor 
can be used to isolate 
this ca- 
pacitor 
(both 
the Rand 
C are placed 
outside 
the feedback 
loop) from the output 
of an op amp, if used. 


Stray Pickup 


The leads 
to the analog 
inputs 
(pins 6 and 7) should 
be 
kept 
as short 
as possible 
to minimize 
stray 
signal 
pickup 
(EM I). Both 
EMI 
and 
undesired 
digital-clock 
coupling 
to 
these 
inputs 
can 
cause 
system 
errors. 
The 
source 
resist- 
ance for these inputs should, 
in general, 
be kept below 5kn. 


Larger values of source 
resistance 
can cause undesired 
sig- 
nal pickup. 
Input bypass 
capacitors, 
placed 
from the analog 
inputs 
to ground, 
will eliminate 
this 
pickup 
but can create 
analog 
scale errors as these capcitors 
will average 
the tran- 
sient input switching 
currents 
of the AID 
(see Analog 
Input 
Current). 
This scale 
error depends 
on both a large source 
resistance 
and the 
use of an input 
bypass 
capacitor. 
This 
error can be compensated 
by a full-scale 
adjustment 
of the 
AID 
(see 
Full-Scale 
Adjustment) 
with 
the 
source 
resist- 
ance 
and input 
bypass 
capacitor 
in place, 
and the desired 
conversion 
rate. 


Reference Voltage Span Adjust 


For 
maximum 
application 
flexibility, 
these 
AIDs 
have 
been designed 
to accommodate 
a 5V. 2.5V or an adjusted 
voltage 
reference. 
This has been achieved 
in the design 
of 
the IC as shown 
in Figure 7. 


Notice 
that the reference 
voltage 
for the IC is either % of 
the 
voltage 
which 
is applied 
to the 
V+ 
supply 
pin, 
or is 
equal to the voltage 
which 
is externally 
forced 
at the VREFI 
2 pin. This allows for a pseudo-ratio 
metric voltage 
reference 
using, 
for the V+ 
supply, 
a 5V reference 
voltage. 
Alterna- 
tively, a voltage 
less than 2.5V can be applied 
to the VREFI 
2 input. The internal 
gain to the VREF/2 
input is 2 to allow 
this factor 
of 2 reduction 
in the reference 
voltage. 


Such an adjusted 
reference 
voltage 
can accommodate 
a 
reduced 
span or dynamic 
voltage 
range of the analog 
input 
voltage. 
If the analog 
input voltage 
were to range from 0.5V 
to 3.5V, 
instead 
of OV to 5V, the span would 
be 3V. With 
0.5V applied 
to the VIN(-) 
pin to absorb 
the offset, 
the ref- 
erence 
voltage 
can be made equal to % of the 3V span or 
1.5V: The AID 
now will encode 
the VIN( +) signal from 0.5V 
to 3.5V with the 0.5V 
input 
corresponding 
to zero 
and the 
3.5V input corresponding 
to full-scale. 
The full 8 bits of reso- 
lution 
are therefore 
applied 
over this reduced 
analog 
input 
voltage 
range. 
The requisite 
connections 
are shown 
in Fig- 
ure 8. For expanded 
scale 
inputs, 
the circuits 
of Figures 
9 
and 10 can be used. 


0334-23 
Figure 8: Offsetting the Zero of the ADC0802 and 
Performing an Input Range (Span) Adjustment 
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0334-24 
Figure 9: Handling ± 10V Analog Input Range 


Reference Accuracy Requirements 


The 
converter 
can 
be operated 
in a pseudo-ratio 
metric 
mode or an absolute 
mode. 
In ratiometric 
converter 
applica- 
tions, 
the magnitude 
of the reference 
voltage 
is a factor 
in 
both the output 
of the source 
transducer 
and the output 
of 
the AID 
converter 
and 
therefore 
cancels 
out 
in the 
final 


••o 
CDo 
digital 
output 
code. 
In absolute 
conversion 
applications, 
g 
both 
the 
initial 
value 
and 
the 
temperature 
stability 
of the 
C 
reference 
voltage 
are important 
accuracy 
factors 
in the op- 
I 
eration 
of the AID 
converter. 
For VREF/2 
voltages 
of 2.5V 
t"I 
nominal 
value, initial errors of ± 10mV will cause conversion 
0 
errors of ± 1LSB due to the gain of 2 of the VREF/2 
input. In 
~ 
reduced 
span applications, 
the initial value 
and the stability 
U 
of the VREF/2 
input voltage 
become 
even 
more 
important. 
a 
For 
example, 
if the 
span 
is reduced 
to 2.5V, 
the 
analog 
C 
input 
LSB voltage 
value 
is correspondingly 
reduced 
from 
20mV 
(5V span) 
to 
10mV 
and 
1LSB at the 
VREF/2 
input 
becomes 
5mV. 
As can be seen, 
this 
reduces 
the 
allowed 
initial tolerance 
of the reference 
voltage 
and requires 
corre- 
spondingly 
less 
absolute 
change 
with 
temperature 
varia- 
tions. 
Note that spans 
smaller 
than 2.5V place 
even tighter 
requirements 
on the initial accuracy 
and stability 
of the ref- 
erence 
source. 


In general, 
the reference 
voltage 
will require 
an initial ad- 
justment. 
Errors due to an improper 
value of reference 
volt- 
age appear 
as full-scale 
errors 
in the AID 
transfer 
function. 
IC voltage 
regulators 
may be used for references 
if the am- 
bient temperature 
changes 
are not excessive. 


Zero Error 


The zero of the AID 
does 
not require 
adjustment. 
If the 
minimum 
analog 
input voltage 
value, VIN(MIN), is not ground, 


a zero offset 
can be done. 
The converter 
can be made 
to 
output 
0000 
0000 
digital 
code 
for this minimum 
input volt- 
age by biasing 
the AID 
VIN(-) 
input 
at this VIN(MIN) value 
4 


(see 
Applications 
section). 
This 
utilizes 
the 
differential 
mode 
operation 
of the AID. 


The zero error 
of the AID 
converter 
relates 
to the loca- 
tion 
of the 
first 
riser 
of the 
transfer 
function 
and 
can 
be 
measured 
by grounding 
the 
VIN(-) 
input 
and 
applying 
a 
small 
magnitude 
positive 
voltage 
to the VIN( +) input. 
Zero 
error 
is the difference 
between 
the actual 
DC input voltage 
which 
is necessary 
to just cause 
an output 
digital code tran- 
sition 
from 
0000 
0000 
to 0000 
0001 
and the ideal '12 LSB 
value <'12 LSB = 9.8mV for VREF/2 = 2.500V). 
Full-Scale Adjust 


The full-scale 
adjustment 
can be made by applying 
a dif- 
ferential 
input voltage 
which 
is 1'12 LSB down 
from the de- 
sired analog 
full-scale 
voltage 
range and then adjusting 
the 
magnitude 
of the VREF/2 
input 
(pin 9) for a digital 
output 
code which 
is just changing 
from 
1111 1110 to 1111 1111. 


When offsetting 
the zero and using a span-adjusted 
VREF/2 
voltage, 
the full-scale 
adjustment 
is made by inputting 
VMIN 
to the VIN( _) input of the AID 
and applying 
a voltage 
to the 
VIN(+) 
input which 
is given 
by: 


. 
[(VMAX-VMIN)] 
VIN( + )fsadJ = VMAX -1.5 
256 
' 


where: 


VMAX=the 
high end of the analog 
input range 


and 


VMIN = the low end (the offset 
zero) of the analog 
range. 


(Both 
are ground 
referenced.) 


~o 
COog Clocking Option 
e 
The clock 
for the AID 
can 
be derived 
from 
an external 
I 
source 
such 
as the CPU clock 
or an external 
RC network 
S 
can be added 
to provide 
self-clocking. 
The ClK 
IN (pin 4) 
CO 
makes 
use of a Schmitt 
trigger 
as shown 
in Figure 
11. 
o 
Heavy 
capacitive 
or 
DC 
loading 
of 
the 
ClocK 
R pin 
g 
should 
be avoided 
as this will disturb 
normal converter 
oper- 
e 
ation. 
loads 
less than 
50pF, 
such 
as driving 
up to 7 AID 
converter 
clock 
inputs from a single ClK 
R pin of 1 convert- 
er, are allowed. 
For larger clock 
line loading, 
a CMOS or low 
power TIl 
buffer 
or PNP input logic should 
be used to mini- 
mize the loading 
on the ClK 
R pin (do not use a standard 
TIl 
buffer). 


ClK R 
19 


ClK 
IN 


Restart During a Conversion 


If the 
AID 
is restarted 
(CS and 
WR 
go low and 
return 
high) during 
a conversion, 
the converter 
is reset and a new 
conversion 
is started. 
The output 
data latch is not updated 
if 
the conversion 
in progress 
is not completed. 
The data from 
the previous 
conversion 
remain 
in this latch. 


Continuous Conversions 


In this application, 
the CS input is grounded 
and the WR 
input 
is tied to the 
INTR 
output. 
This 
WR and 
INTR 
node 
should 
be momentarily 
forced 
to logic low following 
a pow- 
er-up 
cycle 
to 
insure 
circuit 
operation. 
See 
Figure 
12 for 
details. 
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Driving the Data Bus 


This CMOS 
AID, 
like MOS 
microprocessors 
and memo- 


ries, will require 
a bus driver 
when 
the total 
capacitance 
of 
the data bus gets large. Other 
circuitry, 
which 
is tied to the 
data bus, will add to the total capacitive 
loading, 
even in 3- 
state 
(high-impedance 
mode). 
Backplane 
bussing 
also 
greatly 
adds to the stray capacitance 
of the data bus. 


There 
are some 
alternatives 
available 
to the designer 
to 
handle 
this problem. 
Basically, 
the capacitive 
loading 
of the 
data 
bus slows 
down 
the response 
time, 
even 
though 
DC 
specifications 
are still 
met. 
For systems 
operating 
with 
a 
relatively 
slow CPU clock 
frequency, 
more time is available 
in which 
to 
establish 
proper 
logic 
levels 
on the 
bus 
and 
therefore 
higher 
capacitive 
loads 
can be driven 
(see TypI- 
cal Performance 
Characteristics). 


At higher 
CPU clock 
frequencies 
time 
can 
be extended 
for I/O 
reads 
(and/or 
writes) 
by inserting 
wait states 
(8080) 
or using clock-extending 
circuits 
(6800). 


Finally, 
if time is short 
and capacitive 
loading 
is high, ex- 
ternal 
bus drivers 
must be used. These 
can be 3-state 
buff- 
ers 
(low 
power 
Schottky 
is recommended, 
such 
as 
the 
74LS240 
series) 
or 
special 
higher-drive-current 
products 
which 
are designed 
as bus drivers. 
High-current 
bipolar 
bus 
drivers 
with PNP inputs 
are recommended. 


Power Supplies 


Noise spikes 
on the V + supply 
line can cause conversion 
errors as the comparator 
will respond 
to this noise. A low-in- 
ductance 
tantalum 
filter 
capacitor 
should 
be used close 
to 
the 
converter 
V+ 
pin, and 
values 
of 
11'-F or greater 
are 
recommended. 
If an unregulated 
voltage 
is available 
in the 
system, 
a separate 
5V voltage 
regulator 
for the 
converter 
(and other 
analog 
circuitry) 
will greatly 
reduce 
digital 
noise 
on the V+ 
supply. An ICL7663 
can be used to regulate 
such 
a supply 
from 
an input as low as 5.2V. 


Wiring and Hook-Up Precautions 


Standard 
digital wire-wrap 
sockets 
are not satisfactory 
for 
breadboarding 
with 
this 
A/D 
converter. 
Sockets 
on 
PC 
boards 
can be used. All logic signal wires and leads should 
be grouped 
and kept as far away as possible 
from the ana- 
log signal 
leads. 
Exposed 
leads 
to the 
analog 
inputs 
can 
cause 
undesired 
digital 
noise 
and 
hum 
pickup; 
therefore, 
shielded 
leads 
may be necessary 
in many applications. 


A single-point 
analog 
ground 
should 
be 
used 
which 
is 


separate 
from 
the 
logic 
ground 
points. 
The 
power 
supply 
bypass 
capacitor 
and 
the 
self-clocking 
capacitor 
(if used) 


should 
both 
be returned 
to digital 
ground. 
Any VREF/2 
by- 


pass capacitors, 
analog 
input filter capacitors, 
or input sig- 


nal shielding 
should 
be returned 
to the analog 
ground 
point. 


A test for proper 
grounding 
is to measure 
the zero error of 
the 
A/D 
converter. 
Zero 
errors 
in excess 
of Yo LSB 
can 
usually 
be traced 
to improper 
board 
layout 
and wiring 
(see 
Zero 
Error 
for measurement). 
Further 
information 
can 
be 
found 
in A018. 


'Ill'o 
CDog 


There 
are many 
degrees 
of complexity 
associated 
with 
C 
testing 
an AID 
converter. 
One 
of the 
simplest 
tests 
is to 
~ 
apply 
a known 
analog 
input 
voltage 
to' the 
converter 
and 
0 
use 
LEDs 
to 
display 
the 
resulting 
digital 
output 
code 
as 
CD 
shown 
in Figure 
13. 
0 


For ease of testing, 
the VREF/2 
(pin 9) should 
be supplied g 
with 
2.560V 
and a V+ 
supply 
voltage 
of 5.12V 
should 
be 
C 
used. This provides 
an LSB value of 20mV. 


If a full-scale 
adjustment 
is to be made, 
an analog 
input 
voltage 
of 5.090V 
(5.120 
-1 Y. LSB) 
should 
be applied 
to 
the VIN(+) 
pin with the VIN(-j 
pin grounded. 
The value 
of 
the VREF/2 
input voltage 
should 
be adjusted 
until the digital 
output 
code is just changing 
from 
1111 1110 to 1111 1111. 
This value of VREF/2 
should 
then be used for all the tests. 
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The digital-output 
LED display 
can be decoded 
by divid- 


ing the 8 bits into 2 hex characters, 
one with the 4'most-sig- 
nificant 
bits 
(MS) and 
one 
with 
the 4 least-significant 
bits 


(LS). The output 
is then 
interpreted 
as a sum of fractions 


times 
the full-scale 
voltage: 


( 
MS 
LS) 
Vour= 
16+ 256 
(5.12)V. 


:: 
rlJl 
t:::Ac:llll..,tt:::1IVI c1l1UUlJJUl LtU 
OIsplay or 
IV 11 UllU, 
tne 
:c 
MS character 
is hex B (decimal 
11) and the LS character 
is 
I 
hex (and decimal) 
6, so 


(II 
(116) 
~ 
VOUT= 
16+ 256 
(5.12)=3.64V. 
8 
Figures 
14 and 15 show 
more sophisticated 
test circuits. 


CI 
oC 
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Figure 14: AID Tester with Analog Error Output. 
This 
circuit 
can be used 
to generate 
"error 
plots" 
of 
Figure 
6. 


APPLICATIONS 
Interfacing 8080/85 
or Z-80 
Microprocessors 


This 
converter 
has 
been 
designed 
to 
directly 
interface 
with 8080/85 
or l-80 Microprocessors. 
The 3-state 
output 
capability 
of the AID 
eliminates 
the 
need 
for a peripheral 
interface 
device, 
although 
address 
decoding 
is still required 
to generate 
the appropriate 
CS for the converter. 
The AID 
can be mapped 
into memory 
space 
(using standard 
memo- 
ry-address 
decoding 
for 
CS and 
the 
MEMR 
and 
MEMW 
strobes) 
or it can be controlled 
as an I/O 
device 
by using 
the 170 Rand 
I/O W strobes 
and decoding 
the address 
bits 
AO - 
A7 
(or 
address 
bits 
A8 
- 
A15, 
since 
they 
will 
contain 
the 
same 
8-bit 
address 
information) 
to obtain 
the 
CS input. 
Using the 
I/O 
space 
prOVides 256 additional 
ad- 
dresses 
and may allow a simpler 
8-bit address 
decoder, 
but 
the data can only be input to the accumulator. 
To make use 
of the 
additional 
memory 
reference 
instructions, 
the 
A/D 
should 
be mapped 
into memory 
space. 
See A020 
for more 
discussion 
of memory-mapped 
vs 
I/O-mapped 
interfaces. 
An example 
of an A/D 
in I/O 
space 
is shown 
in Figure 
16. 


I ne stanaara 
control-Ous 
signals 
01 the 
8080 
(CS, 
RD 
and WR) can be directly 
wired to the digital control 
inputs of 
the AID, 
since 
the 
bus timing 
requirements, 
to allow 
both 
starting 
the converter, 
and outputting 
the data onto the data 
bus, are met. A bus driver 
should 
be used for larger 
micro- 
processor 
systems 
where 
the data bus leaves the PC board 
and/or 
must drive capacitive 
loads 
larger than 
100pF. 


It is useful to note that in systems 
where the A/D 
convert- 
er is 1 of 8 or fewer 
I/O-mapped 
devices, 
no address-de- 
coding 
circuitry 
is necessary. 
Each of the 8 address 
bits (AO 
to A7) can be directly 
used as CS inputs, 
one lor each 
I/O 
device. 
Interfacing the Z-80 and 8085 


The l-80 and 
8085 
control 
buses 
are 
slightly 
different 
from 
that 
01 the 
8080. 
General 
RD and 
WR 
strobes 
are 
provided 
and 
separate 
memory 
request, 
MREO, 
and 
I/O 
request, 
10RO, signals 
have to be combined 
with the gener· 
alized strobes 
to provide 
the appropriate 
signals. 
An advan- 
tage of operating 
the AID 
in I/O space with the l-80 is that 
the CPU will automatically 
insert one wait state (the RD and 
WR strobes 
are extended 
one clock 
period) 
to allow 
more 
time lor the I/O 
devices 
to respond. 
Logic to map the AID 
in I/O space 
is shown 
in Figure 17. By using MREO in place 
of 10RO, a memory-mapped 
configuration 
results. 


Additional 
I/O 
advantages 
exist 
as software 
DMA 
rou- 
tines are available 
and use can be made 01 the output 
data 
transfer 
which 
exists 
on the 
upper 
8 address 
lines 
(A8 to 
A15) during 
I/O input instructions. 
For example, 
MUX chan- 
nel 
selection 
for 
the 
AID 
can 
be accomplished 
with 
this 
operating 
mode. 


The 8085 also provides 
a generalized 
RD and WR strobe, 
with an 10/M 
line to distinguish 
I/O 
and memory 
requests. 
The 
circuit 
of Figure 
17 can 
again 
be used, 
with 
10/M 
in 
place 
of 10RO for a memory-mapped 
interface, 
and an ex- 
tra inverter 
(or the logic equivalent) 
to provide 
1O/M for an 
I/O-mapped 
connection. 
Interfacing 6800 Microprocessor 
Derivatives 
(6502, etc.) 


The control 
bus for the 6800 
microprocessor 
derivatives 
does not use the RD and WR strobe 
signals. 
Instead 
it em- 
ploys a single R/W 
line and additional 
timing, 
if needed, 
can 
be derived 
Irom the <1>2clock. 
All I/O devices 
are memory- 
mapped 
in the 
6800 
system, 
and 
a special 
signal, 
VMA, 
indicates 
that the current 
address 
is valid. 
Figure 
16 shows 
an interface 
schematic 
where 
the A/D 
is memory-mapped 
in the 
6800 
system. 
For 
simplicity, 
the 
CS 
decoding 
is 
shown 
using y. DM8092. 
Note that in many 6800 
systems, 
an already 
decoded % line is brought 
out to the common 
bus at pin 21. This can be tied directly 
to the CS pin of the 
A/D, 
provided 
that no other 
devices 
are addressed 
at HEX 
ADDR: 
4XXX or 5XXX. 


In Figure 
19 the 
ADC0802 
series 
is interfaced 
to 
the 
MC6800 
microprocessor 
through 
(the 
arbitrarily 
chosen) 
Port 
B 01 the 
MC6820 
or 
MC6821 
Peripheral 
Interface 
Adapter 
(PIA). Here the CS pin of the A/D 
is grounded 
since 
the PIA is already 
memory-mapped 
in the MC6800 
system 
and no CS decoding 
is necessary. 
Also notice 
that the AID 
output 
data 
lines are connected 
to the microprocessor 
bus 
under program 
control 
through 
the PIA and therefore 
the A/ 
D RD pin can be grounded. 


CI 


INT(14) 
(II0 
II) 
UOWR(27)· 
0 
() 


UO RO(25)· 
0 
1011 
C 


+ 
Y+ 
* 
1O 
I'F 
elK R 18 


(LS8)D80 
18 
080(13)· 
OB, 
17 
OB1 (16)· 


ADC0802- 
D82 
18 
0B2 (11)· 


ANALOG 
ADC0804 
0B3 
15 
0B3 (8). 
INPUTS 
084 
14 
084(5)· 
DBs 
13 
085(16)· 
DBs 
12 
OBs(20)" 


(MS8)0B7 
11 
OB7 (7). 


5Y 
• 
Ts 
85 
AD1s(36) 


T4 
8131 
84 
AD14(38) 


T3 
BUS 
B3 
AD13(36) 


T2 
COMPARATOR 
B2 
AD12(37) 


T1 
81 
AD11 (40) 


To 
So 
AD10(1) 


~o 
ell)og APPLICATION 
NOTES 
C 
Some 
applications 
bulletins 
that may be found 
useful 
are 
~ 
listed 
here: 
o 
A016 
"Selecting 
AID 
Converters," 
by Dave Fullagar. 


~ 
A018 
"Do's 
and 
DonI's 
of Applying 
AID 
Converters," 
by 
S:! 
Peter Bradshaw 
and Skip Osgood. 


•• 
A020 
"A Cookbook 
Approach 
to High Speed 
Data Acqui- 
C 
sition and Microprocessor 
Interfacing," 
by Ed Sliger. 


A030 
"The 
ICL71 04 - 
A Binary Output AID 
Converter 
for 
Microprocessors," 
by Peter Bradshaw. 


R005 
"Interfacing 
Data 
Converters 
& Microprocessors," 


by Peter 
Bradshaw 
et ai, Electronics, 
Dec. 9, 1976. 
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Figure 
17: Mapping 
the AID 
as an 1/0 device 
for 
use with 
the 
Z-80 
CPU 
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·Note1: 
Numbers in parentheses 
refer to MC6800 CPU pinout. 


•• Note 2: Numbers or letters in brackets refer to standard MC6800 system common bus code. 


Figure 
18: ADC0802 
to 
MC6800 
CPU 
Interface 
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Figure 
19: ADC0802 
to MC6820 
PIA 
Interface 
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CA3310, CA3310A 
CMOS 10-Bit Analog-to-Digital 
Converter 
with Internal Track and 
Hold 


oCo.. 
C') 
C') 
oC 
U 
cio 
C; 
GENERAL 
DESCRIPTION 


C') 
The Harris CA331 a is a fast, low power, 
10-bit successive 
CJ 
approximation 
analog-to-digital 
converter, 
with microproces- 
sor-compatible 
outputs. 
It uses only a single 
3V to 6V sup- 
ply and typically 
draws 
just 
3 mA when 
operating 
at 5V. It 


can accept 
full rail-to-rail 
input signals. 
and features 
a built- 


in track 
and hold. The track 
and hold will follow 
high band- 


width 
input 
signals, 
as it has only 
a 100 ns (typical) 
input 
time constant. 


The ten data outputs 
feature 
full high-speed 
CMOS three- 
state bus driver capability, 
and are latched 
and held through 


a full conversion 
cycle. Separate 
8 MSB and 2 LSB enables, 


a data 
ready 
flag, and conversion 
start and ready 
reset 
in- 
puts complete 
the microprocessor 
interface. 


An internal, 
adjustable 
clock 
is provided 
and is available 
as an output. 
The clock 
may also be driven from an external 
source. 


HARRIS 
SEMICONDUCTOR 


FEATURES 


• CMOS 
Low 
Power 
(15 mW Typ.) 


• Single 
Supply 
Voltage 
(3V to 6V) 


• 13 fLs Conversion 
Time 


• Built·ln 
Track 
and 
Hold 


• Rail-to·Rail 
Input 
Range 


• Latched 
3-State 
Output 
Drivers 


• Microprocessor-Compatible 
Control 
Lines 


• Internal 
or External 
Clock 


APPLICATIONS 


• Fast. 
No·Droop, 
Sample 
and 
Hold 


• Voice 
Grade 
Digital 
Audio 


• DSP Modems 


• Remote 
Low 
Power 
Data 
Acquisition 
Systems 


• fLP Controlled 
Systems 


Part Number 
Linearity 
Temperature 
Package 
(INL, DNL) 
Range 


CA3310E 
±0.75 
LSB 
- 40°C to + 85°C 
24-Pin Plastic DIP 


CA3310AE 
±0.5 
LSB 
- 40°C to + 85°C 
24-Pin Plastic DIP 


CA3310D 
±0.75 
LSB 
- 55°C to + 125°C 
24-Pin Ceramic 
DIP 


CA3310AD 
±0.5 
LSB 
- 55°C to + 125°C 
24-Pin Ceramic 
DIP 


OO(LSBI 


01 


02 
3 


03 
4 


04 


05 
06 


07 


08 
9 


09lMSBI 
'0 


OR OY 
11 


VSS IGNO) 
t2 


24 
VOO 


23 
VIN 


22 
VREF+ 


21 
REXT 


20 
eLK 


19 
STRT 


'B 
VREF- 


17 
VAA+ 


16 
VAA - 


15 
OEL 


14 
OEM 


13 
ORST 
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HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE 
WARRANTY 
ARTICLE 
OF THE 


CONDIT ON OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OA STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


'1 
ALL 
J LOGIC 


ORST 


OEM 


ABSOLUTE 
MAXIMUM 
RATINGS 


Digital Supply 
Voltage 
(Voo) 
.............................. 
Vss 
- 
0.5V to Vss 
+ 7V 


Analog 
Supply Voltage 
(VAA +) 
Voo 
±0.5V 


Any Other Terminal 
Vss 
- 
0.5V to Voo 
+ 0.5V 


DC Input or Output 
(Protection 
Diode) 
Current 
± 20 mA 


DC Output 
Drain Current, 
per Output 
± 35 mA 


Total DC Supply or Ground 
Current 
± 70 mA 


Power 
Dissipation 
per Package 
(Po): 


ForTA 
= -40·Cto 
+85·C 
(Package 
Type E) 
300 mW 
For TA = -55·C 
to + 100·C 
(Package 
Type D) 
300 mW 
For TA = + 100·C to + 125·C 
(Package 
Type D) 
Derate Linearly 
at 8 mW rc 


Operating-Temperature 
Range 
(TA): 
Package 
Type D 
- 55·C to + 125·C 
Package 
Type E 
-40·C 
to + 85·C 


Storage 
Temperature 
(TSTG) 
- 65·C to + 150·C 


Lead Temperature 
(During 
Soldering): 
At 
distance 
'116 in. ±'I32 
in. (1.59mm 
±0.79mm) 
from 
case for 10s max 
+ 265·C 
Unit inserted 
into a PC Board 
(min. 


thickness 
'116 in., 1.59mm) 
with solder contacting 
lead tips 
only 
+ 300·C 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 


may cause permanent damage to the device. These are stress ratings 
only and functional opera/ion of the device at these or any other condi- 
tions above 
those indicated 
in the operational 
sections 
of the specifica- 


tions is not implied. 
Exposure 
/0 absolute 
maximum 
rating conditions 
for 
extended 
penOds may affect device reliability. 


• 


;C 
ELECTRICAL 
CHARACTERISTICS 
TA = 25"C. Voo 
= VAA+ = 5V. VREF+ = 4.608V. 


() 
Vss = VAA - 
= VREF- 
= GND, Clock = External 
1 MHz (Unless 
Noted) 
Co.•. 
""3 


Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


ACCURACY: 
SEE TEXT 
FOR DEFINITIONS 


Resolution 
10 
Bits 


Differential 
CA3310 
±0.5 
±0.75 
lSB 


Linearity 
Error 
CA3310A 
±0.25 
±0.5 
lSB 


Integral 
CA3310 
±0.5 
±0.75 
lSB 


Linearity 
Error 
CA3310A 
±0.25 
±0.5 
lSB 


Gain Error 
CA3310 
±0.25 
±0.5 
lSB 


CA3310A 
±0.25 
lSB 


Offset 
Error 
CA3310 
±0.25 
±0.5 
lSB 


CA3310A 
±0.25 
lSB 


ANALOG 
INPUT 


Input Resistance 
In Series with Input 
330 
n 
Sample 
Capacitors 


Input Capacitance 
During Sample 
State 
300 
pF 


Input Capacitance 
During Hold State 
20 
pF 


Input Current 
At VIN = VREF+ = 5V 
+300 
p.A 


At VIN = VREF- 
= OV 
-100 
p.A 


Static Input Current 
STRT = V + • ClK 
= V + 
1 
p.A 
At = VIN = VREF+ 
= 5V 
-1 
p.A 
At = VIN = VREF- 
= OV 


Input 
+ Full-Scale 
Range 
(Note 2) 
VREF - 
+1 
Voo 
+ 0.3 
V 


Input 
- 
Full-Scale 
Range 
(Note 2) 
Vss 
- 
0.3 
VREF + 
-1 
V 


Input Bandwidth 
From Input RC Time Constant 
1.5 
MHz 


DIGITAL 
INPUTS: 
DRST, OEl, 
OEM, STRT, ClK 


High-level 
Input Voltage 
Over Voo = 3V to 6V (Note 2) 
70 
% ofVoo 


low-level 
Input Voltage 
Over Voo = 3V to 6V (Note 2) 
30 
% ofVoo 


Input leakage 
Current 
Except ClK 
±1 
p.A 


Input Capacitance 
(Note 2) 
10 
pF 


Input Current 
ClK 
Only (Note 2) 
±400 
p.A 


DIGITAL 
OUTPUTS: 
00-09, 
DRDY 


High-level 
Output Voltage 
ISOURCE = -4 
mA 
4.6 
V 


low-level 
Output 
Voltage 
ISINK = 6 mA 
0.4 
V 


Three-State 
leakage 
Except 
DRDY 
±1 
p.A 


Output 
Capacitance 
Except 
DRDY (Note 2) 
20 
pF 


ClKOUTPUT 


High-level 
Output Voltage 
ISOURCE = 100 p.A (Note 2) 
4 
V 


low-level 
Output 
Voltage 
ISINK = 100 p.A (Note 2) 
1 
V 


ELECTRICAL 
CHARACTERISTICS 
TA = 25'C, VDD = VAA+ = 5V, VREF+ = 4.608V, 
Vss = VAA - = VREF- 
= GND, Clock = External 
1 MHz (Unless 
Noted) 
(Continued) 


Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


TIMING 


Clock Frequency 
Internal, 
ClK 
and REXT Open 
200 
300 
400 
kHz 


Internal, 
ClK 
Shorted 
to REXT 
600 
800 
1000 
kHz 


External, 
Applied 
to ClK: 
Max. 
4 
2 
MHz 


(Note 2) 
Min. 
100 
10 
kHz 


Clock Pulse Width, T LOW, THIGH 
External, 
Applied 
to ClK: 
100 
ns 


See Figure 6 (Note 2) 


Conversion 
Time 
13 
",s 


Aperture 
Delay, TD APR 
See Figure 6 
100 
ns 


Clock to Data Ready Delay, TD1 DRDY 
See Figure 6 
150 
ns 


Clock to Data Ready Delay, TD2 DRDY 
See Figure 6 
250 
ns 


Clock to Data Delay, TD Data 
See Figure 6 
200 
ns 


Start Removal 
Time, TR STRT 
See Figures 8 & 9 (Note 1) 
-120 
ns 


Start Setup Time; Tsu STRT 
See Figure 9 
160 
ns 


Start Pulse Width, TW STRT 
See Figures 8 & 9 
10 
ns 


Start to Data Ready Delay, TD3 DRDY 
See Figl;lres 8 & 9 
170 
ns 


Clock Delay from Start, TD ClK 
See Figure 8 
200 
ns 


Ready Reset Removal 
Time, TR DRST 
See Figure 10 (Note 1) 
-80 
ns 


Ready Reset Pulse Width, TW DRST 
See Figure 10 
10 
ns 


Ready Reset to Data Ready 
See Figure 10 
35 
ns 
Delay, TD4 DRDY 


Output 
Enable 
Delay, TEN 
See Figure 7 
40 
ns 


Output 
Disable 
Delay, TDIS 
See Figure 7 
50 
ns 


SUPPLIES 


Supply Operating 
Range, VDD or VAA 
(Note 2) 
3 
6 
V 


Supply Current, 
IDD + IAA 
See Figures 20 & 21 
3 
8 
mA 


Supply Standby 
Current 
Clock Stopped 
During Cycle 1 
3.5 
mA 


Analog 
Supply 
Rejection 
@120Hz, 
See Figure 19 
25 
mVIV 


Reference 
Input Current 
See Figure 16 
160 
",A 
TEMPERATURE 
DEPENDENCY 


Offset 
Drift 
@ 0 to 1 Code Transition 
-4 
",V/,C 


Gain Drift 
@ 1022 to 1023 Code Transition 
-6 
",V/,C 


Internal 
Clock Speed 
See Figure 5 
-0.5 
%/'C 


III 


Pin Number 
Name 
Function 


1-10 
DO-D9 
Three-state 
outputs 
for data bits representing 
20 (lSB) 
through 
29 (MSB). 


11 
DRDY 
Output flag signifying 
new data is available. 
Goes high at end of clock period 
13, 


goes low when new conversion 
started. 
Also reset asynchronously 
by DRST. 


12 
VSS 
Digital ground. 


13 
DRST 
Active 
low input, resets DRDY. 


14 
OEM 
Active 
low input, three-state 
enable of D2-D9. 


15 
OEl 
Active 
low input, three-state 
enable of DO, D1. 


16 
VAA- 
Analog 
ground. 


17 
VAA+ 
Analog + supply. 


18 
VREF- 
Reference 
input voltage, 
sets 0 code ( - ) end of input range. 


19 
STRT 
Active 
low start conversion 
input. Recognized 
after end of clock 
period 
13. 


20 
ClK 
Clock input or output. 
Conversion 
functions 
are synchronous 
to high-going 
edge. 


21 
REXT 
Clock adjust input when using internal 
clock. 


22 
VREF+ 
Reference 
input voltage, 
set 1023 code (+ ) end of input range. 


23 
VIN 
Analog 
input. 


24 
VDD 
Digital + supply. 


DEVICE OPERATION 


The CA3310 
is a CMOS 
10-bit analog-to-digital 
converter 


that 
uses 
capacitor-charge 
balancing 
to 
successively 
ap- 
proximate 
the 
analog 
input. 
A binarily 
weighted 
capacitor 
network 
forms 
the 
D-to-A 
"Heart" 
of the device. 
Figure 
2 
shows 
a functional 
diagram 
of the CA3310. 


The capacitor 
network 
has a common 
node 
which 
is con- 
nected 
to a comparator. 
The second 
terminal 
of each 
ca- 


pacitor 
is individually 
switchable 
to 
the 
input, 
VREF + 
or 
VREF-· 


During the first three 
clock 
periods 
of a conversion 
cycle, 


the switch able end of every 
capacitor 
is connected 
to the 
input. 
The 
comparator 
is being 
auto-balanced 
at 
its trip 
point, 
thus 
setting 
the 
voltage 
at the 
capacitor 
common 
node. 


During 
the fourth 
period, 
all capacitors 
are disconnected 


from 
the input, 
the one 
representing 
the MSB (D9) is con- 
nected 
to the VREF+ 
terminal, 
and the remaining 
capacitors 
to VREF-. 
The capacitor-common 
node, 
after the charges 


balance 
out, will represent 
whether 
the input was above 
or 
below % of (VREF+ 
- 
VREF-)· 


At the end of the fourth 
period, 
the comparator 
output 
is 
stored 
and 
the 
MSB 
capacitor 
is either 
left connected 
to 
VREF+ 
(if the comparator 
was high) or returned 
to VREF-. 
This allows 
the next comparison 
to be at either % or Yo of 
(VREF+ 
- 
VREF-)· 


At the end of periods 
5 through 
12, capacitors 
represent- 


ing the next to MSB (D8) through 
the next to lSB 
(D1) are 
tested, 
the 
result 
stored, 
and 
each 
capacitor 
either 
left at 
VREF+ 
or a1 VREF-· 


At the end of the 13th period, 
when the lSB 
(DO) capaci- 
tor is tested, 
DO and all the previous 
results 
are shifted 
to 
the output 
registers 
and drivers. 
The capacitors 
are re-con- 
nected 
to the input, the comparator 
returns 
to the balance 


state, 
and the data-ready 
output 
goes 
active. 
The conver- 
sion cycle 
is now complete. 


DEVICE OPERATION 
(Continued) 
Clock 


The CA331 0 can operate 
either 
from 
its internal 
clock 
or 
from 
one externally 
supplied. 
The CLK pin functions 
either 
as the clock 
output 
or input. All converter 
functions 
are syn- 
chronous 
with the rising edge of the clock 
signal. 


Figure 
3 shows 
the 
configuration 
of the 
internal 
clock. 
The clock 
output 
drive is low power: 
if used as an output, 
it 
should 
not have more than 
1 CMOS 
gate load applied, 
and 
wiring capacitance 
should 
be kept to a minimum. 


I'" 


OPTIONAL 


CLOCK 
ADJUST 


The 
REXT pin allows 
adjusting 
of the 
internal 
clock 
fre- 
quency 
by connecting 
a resistor 
between 
REXT and CLK. 


Figure 4 shows 
the typical 
relationship 
between 
the resistor 
and clock 
speed, 
while 
Figure 4 shows 
clock 
speed 
versus 


temperature 
and supply voltage. 
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Figure 4: Typical CA3310/CA3310A 
internal 
clock frequency vs. external resistance 
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Figure 5: Typical CA3310/CA3310A 
internal 
clock frequency vs. temperature 
and supply 
voltage 


The internal 
clock 
will shut down 
if the AID 
is not restart- 


ed after a conversion. 
This is described 
under 
Control 
Tim- 


ing. The clock 
could also be shut down with an open collec- 


tor driver 
applied 
to the CLK pin. This should 
only be done 
during the sample 
portion 
(the first three 
periods) 
of a con- 


version 
cycle, 
and might be useful for using the device 
as a 
digital 
sample 
and hold: this is described 
further 
under 
Ap- 
plications . 


If an external 
clock 
is supplied 
to the 
CLK 
pin, it must 


have sufficient 
drive to overcome 
the internal 
clock 
source. 


The external 
clock can be shut off, but again only during the 
sample 
portion 
of a conversion 
cycle. At other times, 
it must 
be above 
the 
minimum 
frequency 
shown 
in the 
specifica- 


tions . 


If the 
internal 
or external 
clock 
was 
shut 
off during 
the 


conversion 
time (clock cycles 
4 through 
13) of the AID, 
the 


output 
might be invalid 
due to balancing 
capacitor 
droop. 


An external 
clock 
must also meet the minimum 
TLOW and 
THIGH times 
shown 
in the 
specifications. 
A violation 
may 


cause 
an internal 
miscount 
and invalidate 
the results. 


Control Signals 


The CA3310 
may be synchronized 
from an external 
source 
by using the STRT 
(Start 
Conversion) 
input to initiate 
con- 
versions, 
or if STRT is tied low. may be allowed 
to free-run. 
In the free-running 
mode. 
illustrated 
in Figure 
6. each 
con- 
version 
takes 
13 clock 
periods. 
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Figure 6. CA3310 Timing Diagram, Free Running, 
STRT Tied Low, DRST Tied High· 


The input is tracked 
from clock 
period 
1 through 
period 
3, 


then 
disconnected 
as the 
successive 
approximation 
takes 
place. 
After 
the start 
of the next period 
1 (specified 
by TD 
data), 
the output 
is updated. 


The DRDY 
(Data 
Ready) 
status 
output 
goes 
high (speci- 
fied 
by TDl 
DRDY) 
after 
the 
start 
of clock 
period 
1, and 
returns 
low (specified 
by T D2 DRDY) after the start of clock 
period 
2. DRDY 
may also be asynchronously 
reset by a low 
on DRST (to be discussed 
later). 


If the output 
data is to be latched 
externally 
by the DRDY 
signal, 
the trailing 
edge 
of DRDY 
should 
be used: there 
is 
no guaranteed 
set-up 
time to the leading 
edge. 


The 10 output 
data bits are available 
in parallel 
on three- 
state 
bus driver outputs. 
When 
low, the OEM input enables 
the 
most 
significant 
byte 
(02 
through 
09) while 
the 
OEL 
input 
enables 
the 
two 
least 
significant 
bits 
(DO, 01). TEN 
and TDIS specify 
the output 
enable 
and disable 
times, 
re- 
spectively. 
See Figure 
7. 
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Figure 7: CA3310 Output Enable/Disable 
Timing Diagram 


When 
the STRT 
input is used to initiate 
conversions, 
op- 
eration 
is slightly 
different 
depending 
on whether 
an internal 
or external 
clock 
is used. 


Figure 8 illustrates 
operation 
with an internal 
clock. 
If the 
STRT 
signal 
is removed 
(at least 
TR STRT} 
before 
clock 
period 
1, and is not re-applied 
during.that 
period, 
the clock 
will shut off after entering 
period 2. The input will continue 
to 
track and the DRDY output 
will remain 
high during this time. 


tl 
R- 
TRACK 


Figure 8: CA3310 Timing Diagram, STRT Pulsed 
Low, DRST Tied High, Internal Clock 


A low signal 
applied 
to STRT 
(at least 
TW STRT 
wide) 
can now initiate a new conversion. 
The STRT signal (after a 
delay of TD3 DRDY) 
will cause 
the DRDY 
flag to drop, 
and 
(after a delay of TD elk) cause 
the clock 
to restart. 


Depending 
on how long the clock 
was 
shut off, the 
low 
portion 
of clock 
period 
2 may 
be 
longer 
than 
during 
the 
remaining 
cycles. 


The input will continue 
to track 
until the end of period 
3, 


the same as when 
free-running. 


Figure 
9 illustrates 
the same 
operation 
as above, 
but with 
an external 
clock. 
If STRT 
is removed 
(at least 
TR STRT) 
before 
clock 
period 
1, and not re-applied 
during that period, 


the 
clock 
will 
continue 
to cycle 
in period 
2. A low 
signal 
applied 
to STRT will drop the DRDY flag as before, 
and with 
the first positive-going 
clock 
edge that meets the Tsu STRT 
set-up 
time, the converter 
will continue 
with clock 
period 
3. 


The DRDY flag output, 
as described 
previously, 
goes ac- 


tive at the start of period 
1, and drops at the start of period 2 
or upon 
a new STRT 
command, 
whichever 
is later. 
It may 
also be controlled 
with the DRST (Data Ready Reset) 
input. 


Figure 
10 depicts 
this operation. 


DEVICE OPERATION 
(Continued) 


DRST 
must 
be removed 
(at least 
T R DRST) 
before 
the 
start 
of period 
1 to allow 
DRDY 
to go high. A low level on 
DRST 
(at least 
Tw DRST 
wide) 
will (after 
a delay 
of TD4 
DRDY) 
drop DRDY. 
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Figure 9: CA3310 Timing Diagram, STRT Pulsed 
Low, DRST Tied High, External Clock 
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Figure 10: CA3310 Timing Diagram, DRST Pulsed 
Low, STRT Tied High 


Analog Input 


The 
analog 
input 
pin is a predominantly 
capacitive 
load 
that changes 
between 
the track 
and hold periods 
of a con- 
version 
cycle. 
During 
hold, 
clock 
period 
4 through 
13, the 
input loading 
is leakage 
and stray capacitance, 
typically 
less 
than 0.1 /-'A and 20 pF. 


At the start of input tracking, 
clock 
period 
1, some charge 
is dumped 
back 
to the 
input 
pin. The 
input 
source 
must 
have low enough 
impedance 
to dissipate 
the charge 
by the 


end of the tracking 
period. 
The amount 
of charge 
is depen- 
dent on supply 
and input voltages. 
Figure 
11 shows 
typical 
peak 
input 
currents 
for various 
supply 
and input 
voltages, 
while 
Figure 
12 shows 
typical 
average 
input 
currents. 
The 
average 
current 
is also proportional 
to clock 
frequency, 
and 


should 
be scaled 
accordingly. 
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Figure 11. Typical CA3310/CA3310A 
Peak 
Input Current vs. Input Voltage 
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Figure 12. Typical CA3310/CA3310A 
Average 
Input Current vs. Input Voltage 


During 
tracking, 
the 
input 
appears 
as 
approximately 
a 
300 pF capacitor 
in series 
with 3300., for a 100 ns time 
constant. 
A full-scale 
input 
swing 
would 
settle 
to % LSB 
(1/2048) in 7 RC time constants. 
Doing continuous 
conver- 
sions with a 1 MHz clock 
provides 
3 /-,S of tracking 
time, so 


up to 10000. of external 
source 
impedance 
(400 ns time 


constant) 
would 
allow 
proper 
settling 
of a step input. 


If the clock 
was slower, 
or the converter 
was not restart- 
ed 
immediately 
(causing 
a longer 
sample 
time), 
a higher 
source 
impedance 
could 
be used. 


Code 
Description 
Input 
Voltage· 
Binary 
Output 
Code 
Decimal 
LSB = (VREF+ 
-VREF-) 
(VREF+ 
- 
VREF-) 
= 4.608V 
MSB 
LSB 
1024 
(V) 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 
Count 


Zero 
0.000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 LSB 
0.0045 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


'!.(VREF+ 
- 
VREF-) 
1.152 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
256 
'12 (VREF+ 
- 
VREF-) 
2.304 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
512 


%(VREF+ 
- 
VREF-) 
3.456 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
768 


(VREF+ 
- 
VREF-) 
- 
1 LSB 
4.6035 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1023 


The CA3310's 
low-input 
time 
constant 
also 
allows 
good 


tracking 
of 
dynamic 
input 
waveforms. 
The 
sampling 
rate 
with a 1 MHz clock 
is approximately 
80 kHz. A Nyquist 
rate 
(fSAMPLE/2) 
input sine wave 
of 40 kHz would 
have negligi- 
ble attenuation 
and a phase 
lag of only 1.5 degrees. 
Accuracy Specifications 


The CA3310 
accepts 
an analog 
input between 
the values 
of VREF- 
and VREF+, 
and quantizes 
it into one of 210 or 
1024 output 
codes. 
Each code 
should 
exist as the input is 
varied 
through 
a range 
of 1/1024 
x (VREF+ 
- 
VREF-l, 
referred 
to as 1 LSB of input voltage. 
A differential 
linearity 
error, 
illustrated 
in 
Figure 
13, 
occurs 
if an 
output 
code 
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jTRANSFER 
.I 
CURVE 


A '" IDEAL 
1 LSB STEP 
B-A = + DIFFERENTIAL 
LINEARITY 
ERROR 
A-C 
'" - DIFFERENTIAL 
LINEARITY 
ERROR 


Figure 
13: CA3310/CA3310A 
Definition 
of 
Differential 
Linearity 
Error 


occurs 
over other 
than the ideal (1 LSB) input range. 
Note 
that as long as the error does 
not reach 
-1 
LSB, the con- 


verter 
will not miss any codes. 


The CA3310 
output 
should 
change 
from a code of 00016 
to 00116 at an input voltage 
of (VREF- 
+ 
1 LSB). It should 
also change 
from 
a code 
of 3FE16 to 3FF16 at an input of 
(VREF+ 
- 
1 LSB). Any differences 
between 
the actual 
and 
expected 
input voltages 
that cause these transitions 
are the 
offset 
and 
gain 
errors, 
respectively. 
Figure 
14 
illustrates 
these 
errors. 


Figure 
14. CA3310/CA3310A 
Definition 
of Gain 
and 
Offset 
Error 


DEVICE OPERATION 
(Continued) 


As the 
input voltage 
is increased 
linearly 
from 
the point 
that causes 
the 00016 to 00116 transition 
to the point that 
causes 
the 
3FE16 
to 
3FF16 
transition, 
the 
output 
code 
should 
also increase 
linearly. 
Any deviation 
from 
this input- 
to-output 
correspondence 
is integral 
linearity 
error, 
illustrat- 
ed in Figure 
15. 


Note that the integral 
linearity 
is referenced 
to a straight 
line drawn 
through 
the actual 
end points, 
not the ideal end 
points. 
For absolute 
accuracy 
to be equal 
to the 
integral 
linearity, 
the gain and offset 
would 
have to be adjusted 
to 
ideal. 


OUTPUT 
CODE 


(HEXI 


Figure 15. CA3310/CA3310A 
Definition 
of Integral Linearity Error 


Offset and Gain Adjustments 


The VREF+ 
and VREF- 
pins, references 
for the two ends of 
the analog 
input 
range, 
are the only means 
of doing 
offset 
or gain adjustments. 
In a typical 
system, 
the VREF- 
might 
be returned 
to a clean 
ground, 
and offset 
adjustment 
done 


on an input 
amplifier. 
VREF+ 
would 
then 
be adjusted 
for 


gain. 


VREF- 
could 
be raised from ground 
to adjust 
offset 
or to 


accommodate 
an 
input 
source 
that 
can't 
drive 
down 
to 


ground. 
There 
are current 
pulses 
that occur, 
however, 
dur- 


ing the successive 
approximation 
part of a conversion 
cy- 


cle, 
as the 
charge-balancing 
capacitors 
are 
switched 
be- 
tween 
VREF- 
and 
VREF+. 
For that 
reason, 
VREF- 
and 
VREF+ 
should 
be well bypassed. 
Figure 16 shows 
peak and 
average 
VREF+ 
current. 


Figure 16. Typical CA3310/CA3310A 
VREF+ 


Current ys. VREF+ Voltage 


Other Accuracy Effects 


Linearity, 
offset, 
and 
gain 
errors 
are dependent 
on the 
magnitude 
of the full-scale 
input 
range, 
VREF+ 
- 
VREF- 


Figure 17 shows 
how these errors vary with full-scale 
range. 


The clocking 
speed 
is a second 
factor 
that 
affects 
con- 
version 
accuracy. 
Figure 
18 shows 
the typical 
variation 
of 
linearity, 
offset, 
and gain errors 
versus 
clocking 
speed. 


Figure 17. Typical CA3310/CA3310A 
Normalized 
Gain, Offset, Integral and Differential Linearity 
Errors YS. Reference Voltage 
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DEVICE OPERATION 
(Continued) 


() 
Gain and offset 
drift due to temperature 
are kept very low 
C 
by means 
of auto-balancing 
the comparator. 
The specifica- 
o 
tions show typical 
offset 
and gain dependency 
on tempera- 
•••• 
ture. 


::: 
There 
is also very little linearity 
change 
with temperature, 
C 
only 
that 
caused 
by the 
slight 
slowing 
of CMOS 
with 
in- 
() 
creasing 
temperature. 
At + 85'C, 
for instance, 
the ILE and 
DLE would 
be typically 
those for a 20% 
faster 
clock than at 


+ 25·C. 


Figure 18. Typical CA3310/CA3310A 
Normalized 
Gain, Offset, Integral and Differential Linearity 
Errors vs. Clock Speed 


Power Supplies and Grounding 


VDD( +) 
and Vss(GND) 
are the digital 
supply 
pins: they 
operate 
all internal 
logic 
and 
the 
output 
drivers. 
Because 
the output 
drivers 
can cause 
fast current 
spikes 
in the VDD 
and Vss 
lines, 
Vss 
should 
have 
a low impedance 
path to 
digital 
ground 
and VDD should 
be well bypassed. 


Except 
for VAA + , which 
is a substrate 
connection 
to VDD, 
all pins have protection 
diodes 
connected 
to VDD and Vss: 
input transients 
above 
VDD or below 
Vss will get steered 
to 
the digital supplies. 
Current 
on these pins must be limited by 
external 
means 
to the values 
specified 
under 
maximum 
rat- 
ings. 


The 
VAA + and 
VAA - 
terminals 
supply 
the 
charge-bal- 
ancing 
comparator 
only. 
Because 
the comparator 
is auto- 
balanced 
between 
conversions, 
it has good 
low-frequency 
supply 
rejection. 
It does 
not reject well at high frequencies, 


however: 
VAA- 
should 
be 
returned 
to 
a 
clean 
analog 
ground, 
and VAA + should 
be RC decoupled 
from the digital 
supply. 


There 
is approximately 
50n 
of substrate 
impedance 
be- 
tween 
VDD and VAA +. This can be used, 
for example, 
as 
part of a low-pass 
R-C filter 
to attenuate 
switching 
supply 
noise. A 10 )J.Fcapacitor 
from VAA+ to ground 
would atten- 


uate 30 kHz noise by approximately 
40 dB. Note that back- 
to-back 
diodes 
should 
be placed 
from VDD to VAA + to han- 
dle supply 
to capacitor 
turn-on 
or turn-off 
current 
spikes. 


Figure 
19 shows 
VAA + supply 
rejection 
versus 
frequency. 


Note that the frequency 
to be rejected 
scales 
with the clock: 
the 100 Hz rejection 
with a 100 kHz clock 
would 
be roughly 
equivalent 
to the 1 kHz rejection 
with a 1 MHz clock. 


The supply current 
for the CA3310 
is dependent 
on clock 
frequency, 
supply 
voltage, 
and 
temperature. 
Figure 
20 
shows 
the 
typical 
current 
versus 
frequency 
and 
voltage, 
while 
Figure 
21 shows 
it versus 
temperature 
and voltage. 


Note 
that 
if stopped 
in auto-balance, 
the supply 
current 
is 
typically 
somewhat 
higher 
than if free-running. 
See Specifi- 
cations. 
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Figure 19: Typical CA3310/CA3310A 
VAA Supply Sensitivity 


Figure 20. Typical CA3310/CA3310A 
Supply 
Current YS. Clock Frequency 
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Figure 21: Typical CA3310/CA3310A 
Supply 
Current YS. Temperature 


co.. 
C') 
APPLICATIONS 
CIRCUITS 
~ 
Differential Input AID System 
() 


As the CA3310 
accepts 
a unipolar 
positive-analog 
input, 
C 
the accommodation 
of other 
ranges 
requires 
additional 
cir- 
~ 
cuitry. 
The 
input 
capacitance 
and 
the 
input 
energy 
also 
C') 
force 
using a low-impedance 
source 
for all but slow speed 
C') 
use. Figure 
22 shows 
the CA3310 
with 
a reference, 
input 
C 
amplifier, 
and 
input-scaling 
resistors 
for 
several 
input 
() 
ranges. 


The ICL7663S 
regulator 
was chosen 
as the reference, 
as 
it can deliver 
less than 0.25V 
input-to-output 
(dropout) 
volt- 
age and uses very little power. As high a reference 
as possi- 
ble is generally 
desirable, 
resulting 
in the best linearity 
and 
rejection 
of noise at the CA3310. 


The tantalum 
capacitor 
sources 
the VREF current 
spikes 
during 
a conversion 
cycle. 
This 
relieves 
the response 
and 
peak current 
requirements 
of the reference. 


The CA3140 
op-amp 
provides 
good slewing 
capability 
for 
high bandwidth 
input signals 
and can quickly 
settle 
the en· 
ergy that the CA331 0 outputs 
at its VIN terminal. 
It can also 
drive close to the negative 
supply 
rail. 


If system 
supply 
sequencing 
or an unknown 
input voltage 
is likely to cause the op-amp 
to drive above the Voo supply, 
a diode clamp can be added from pin 8 of the op-amp 
to the 
Voo 
supply. 
The 
minus 
drive 
current 
is low enough 
not to 
require 
protection. 


With a 2 MHz clock 
(- 
150 kHz sampling), 
Nyquist 
criteria 
would 
give a maximum 
input bandwidth 
of 75 kHz. The re- 
sistor 
values 
chosen 
are low enough 
to not seriously 
de- 
grade 
system 
bandwidth 
(an op-amp 
settling) 
at that clock 
frequency. 
If AID 
clock 
frequency 
and 
bandwidth 
require- 
ments 
are lower, the resistor 
values 
(and input impedance) 
can be made correspondingly 
higher. 


The AID 
system 
would 
generally 
be calibrated 
by tying 
VIN- 
to 
ground 
and 
applying 
a voltage 
to 
VIN+ 
that 
is 
0.5 LSB (1/2048 
of full-scale 
range) above 
ground. 
The op- 
amp offset 
should 
be adjusted 
for an output 
code 
dithering 
between 
00016 
and 
00116 
for unipolar 
use, or 10016 and 
10116 for bipolar 
use. The gain would 
then 
be adjusted 
by 
applying 
a voltage 
that 
is 1.5 LSB below 
the 
positive 
full- 
scale input, and adjusting 
the reference 
for an output 
dither- 
ing between 
3FE16 and 3FF16. 
• 
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APPLICATIONS 
CIRCUITS 
(Continued) 
() 
Co.•. 
C') 
C') 
~ 
VAA+ 
vDD 
lvvv-J 


vREF+ 
STRT 
START CONVERSION 
t 
4.7,.Fr 
DRST 
TAN 
RESET FLAG 


=A 
OEM 
HIGH BYTE ENABLE 
CA3310/A 


DEL 
lOW BYTE ENAm 


vREF - 
0,0 


=A 
I 
OUTPUTOATA 
09 
VAA- 


DRDY 
DATA READY FLAG 


ClK 
2 MH.ClOCK 


VIN 
REXT 
N.C. 
Unless Noted. 


VSS 
All Resistors 
= 


1% Metal Film, 
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Figure 
22. Unipolar 
or Bipolar 
Differential 
Input 
and AID Converter 
System 


Note that Rl 
through 
R5 should 
be very well matched, 
as 
they affect 
the common-mode 
rejection 
of the AID 
system. 
Also, if R2 and R3 are not matched, 
the offset 
adjust of the 
op-amp 
may not have 
enough 
adjustment 
range 
in biploar 
systems. 


The 
common-mode 
input 
range 
of the 
system 
is set by 
the supply 
voltage 
available 
to the op-amp. 
The range 
that 
can be applied 
to the VIN - 
terminal 
can be calculated 
by: 


(:: 
+ 
1 ) V", for the most negative 


(R4 
) 
+ 
(R4) 
R5 + 
1 
(V'N - 
2.5V) 
- 
R5 
VREF+ 
for the most pos- 


itive 


Single + 5V Supply 


If only a single 
5V supply 
is available, 
an ICL7660 
can be 
used 
to provide 
approximately 
+8V 
and 
-4V 
to the 
op- 


amp. Figure 23 shows 
this approach. 
Note that the convert- 


er and 
associated 
capacitors 
should 
be grounded 
to the 
digital 
supply. 
The 
lOOn 
in series 
with 
each 
supply 
at the 
op-amp 
isolates 
digital 
and analog 
grounds. 


Digital Sample and Hold 


With 
a minimum 
of external 
logic, 
the 
CA3310 
can 
be 
made to wait. at the verge 
of ending 
a sample. 
A start pulse 
will then, after the internal 
aperture 
delay, 
capture 
the input 
and 
finish 
the 
conversion 
cycle. 
Figure 
24 
illustrates 
this 
application. 


The 
CA3310 
is connected 
as if to 
free 
run. The 
Data 
Ready 
signal 
is shifted 
through 
a CD74HC175, 
and at the 
low-going 
clock 
edge just before 
the sample 
would 
end, is 
used to hold the clock 
low. 


The same 
signal, 
active 
high, is available 
to indicate 
the 
CA3310 
is 
ready 
to 
convert. 
A 
low 
pulse 
to 
reset 
the 
CD74HC175 
will now release 
the clock, 
and the sample 
will 
end as it goes positive. 
Ten cycles 
later, the conversion 
will 
be complete, 
and DRDY will go active. 
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CONSIDERATIONS 
C 1. Handling 
~ 
All inputs and outputs of Harris CMOS devices have a 
C') 
network for electrostatic protection during handling. Recom- 
C') 
mended handling practices for CMOS devices are de- 
~ 
scribed in ICAN-6526. "Guide to Better Handling and Oper- 
ation of CMOS Integrated Circuits". 
2. Operating 


Operating 
Voltage 
During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Voo 
- 
Vss to exceed the absolute maximum rating. 


Input Signals 
To prevent damage to the input protection circuit, input 
signals should never be greater than Voo + 0.3V nor less 
than Vss - 
0.3V. Input currents must not exceed 20 mA 
even when the power supply is off. 


Unused 
Inputs 
A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voo or 
Vss. whichever is appropriate. 


Output 
Short 
Circuits 
Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 


• Complete 
12-Blt 
AID 
Converter 
with 
Reference 
and 
Clock 


• Full 8-, 12- or 16·BII Microprocessor 
Bus Interface 


• 150ns Bus Access Time 


• No Missing Codes Over Temperature 


• Minimal Set-up Time for Control 
Signals 


• 2511SMaximum Conversion 
Time 


• Low 
Noise, 
via 
Current-Mode 
Signal 
Transmission 
Between Chips 


• Byte Enable/Short 
Cycle (Ao Input) 
• 
Guaranteed 
Break-Before-Make 
Action, Eliminating 
Bus Contention 
During Read Operation. 
Latched by 
the 
Start 
Convert 
Input 
(To 
Set the 
Conversion 
Length) 


• Improved Second Source for AD574A and HS574 


• ±12V to ±15V Operation 


• Military and Industrial 
Data Acquisition 
Systems 


• Electronic 
Test and Scientific 
Instrumentation 


• Process Control 
Systems 


"'-:J7411 
Fast, Complete 12-Bit AID Converter 


with Mi~roprocessor Interface 


Description 


The 
HI-574A 
is 
a complete 
12-bit 
Analog-to-Digital 
Converter, including 
a +10V reference. clock. three-state 
outputs and a digital interface for microprocessor 
control. 


Successive 
approximation 
conversion 
is performed 
by 
two monolithic 
dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric 
Isolation 
process. which provides enhanced AC performance 
and 


freedom from latch-up. 


Custom 
design 
of each IC (bipolar 
analog and CMOS 
digital) 
has yielded improved performance 
over existing 
versions 
of 
this 
converter. 
The 
voltage 
comparator 


features high PSRR plus a high speed current-mode 
latch. 


and provides precise decisions down to 0.1 LSB of input 
overdrive. 
More than 
2X reduction 
in noise 
has been 


achieved 
by 
using 
current 
instead 
of 
voltage 
for 
transmission 
of all signals between the analog and digital 


IC's. Also. the clock 
oscillator 
is current-controlled 
for 
excellent 
stability 
over temperature. 
The oscillator 
is 
trimmed for a nominal conversion 
time of 20 ± 1!is. 


The HI-574A offers standard 
unipolar 
and bipolar 
input 
ranges. laser trimmed 
for specified 
linearity. 
gain and 
offset 
accuracy. 
The 
buried 
zener reference 
circuit 
is 
trimmed for minimum temperature 
coefficient. 


Power requirements are +5V and ±12V to ±15V. with typi- 
cal dissipation of 385mW at ±12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional 
Hi-Rei screen- 
ing including 
160 hour burn-in. specify the "-8" suffix. For 


MIL-STD-883 
compliant 
parts. request the HI-574A1883 
data sheet. 


+5V SUPPL Y VLOG IC 


DATA 
MODE 
SEL 12/8 


CHIP SEL, ES 
BYTE 
ADDRISHORT 
CYCLE.AQ. 


READ/CONVERT. 
R/C 


CHIP ENABLE, 
CE 


+15V 
SUPPL Y. VCC 


+IOV 
REF. REF OUT 
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COMMON, 
AC 
REF INPUT, 
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-15V 
SUPPLY, 
VEE 


BIPOLAR 
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BIP OFF 


IOV INPUT 


2ov'INPUT 
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STS 


DBll 
MSB 


DBlo 


DB9 


OB8 


DB7 
OIGITAL 


DB6 


OB5 
OATA 


DB4 


OB3 
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DB2 


DBI 


OBo LSB 


OIG COMMON. 
DC 


III 


BIT OUTPUTS 
A.~----------L-"'SB' 


f- 
1 


VlOGfC 


f- 
15 
DIGITAL 
COMMON 


28 
STS 


(Typical @ +25°C 
with Vcc = +15Vor 
+12V, 
VLOGIC= +5V, 
VEE= -15Vor 
-12V 
unless otherwise 
specified) 


DC and Transfer Accuracy Specifications 


MODEL 
HI·574AJ 
HI-574AK 
HI·574Al 
I 
UNITS 


Temperature 
Range 
-5 (OOC to + 750C) 


Resolution 
(max) 
12 
12 
12 
Bits 


Linearity 
Error 
25°C (max) 
±1 
±1/2 
±1/2 
LSB 
O°C to + 75°C (max) 
±1 
±1/2 
±1/2 
LSB 


Differential 
Linearity 
Error 
±1 
±1 
±1/2 
lSBs 
25°C 
(Maximum 
resolution 
for which 
no missing 
codes 
is guaranteed) 
12 
12 
12 
Bits 
25°C 
Tmin to Tmax 
11 
12 
12 
Bits 


Unipolar 
Offset (max) 


(Adjustable 
to zero) 
±2 
±1.5 
±1 
LSB 


Bipolar 
Offset 
(max) 
VIN = OV (Adjustable 
to zero) 
±4 
±4 
±3 
lSB 
V,N = -10V 
±0.15 
±0.1 
±0.1 
%01 
F.S. 


Full Scale Calibration 
Error 
25°C (max), 
with fixed 50 n resistor 
from 
±0.15 
REF OUT to REF IN (Adjustable 
to zero) 
±0.25 
±0.25 
% ofES. 


Tminto Tm", 
(No adjustment 
at +25°C) 
±0.475 
±0.375 
±0.20 
% ofES. 


(With adjustment 
to zero at +25°C) 
±0.22 
±0.12 
±0.05 
% of F.S. 


Temperature 
Coefficients 


Guaranteed 
max change, Tm,nto Tm", (Using internal 
reference) 


Unipolar 
Offset 
±2 
±1 
±1 
LSB 


(10) 
(5) 
(5) 
(ppmrC) 
Bipolar Offset 
±2 
±1 
±1 
LSB 


(10) 
(5) 
(5) 
(ppmrC) 
Full Scale Calibration 
±9 
±2 
±2 
LSB 
(45) 
(10) 
(10) 
(ppmrC) 


Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5V 
or +11.4V<Vcc<+12.6V 
±2 
±1 
±1 
LSB 


+4.5V<VLoGlc<+5.5V 
±1/2 
±1/2 
±1/2 
LSB 


-16.5V<VEE<-13.5V 
or -12.6V<VEE<-11.4V 
±2 
±1 
±1 
LSB 


Analog 
Inputs 
Input Ranges 


Bipolar 
-5 
to +5 
Volts 


-10to 
+10 
Volts 


Unipolar 
o to +10 
Volts 
o to +20 
Volts 
Input Impedance 
5K, ± 25% 
Ohms 
10 Volt Span 
20 Volt Span 
10K, ± 25% 
Ohms 


Power Supplies 
Operating 
Voltage Range 
VLOGIC 
+4.5 
to +5.5 
Volts 
Vcc 
+ll.4to 
+16.5 
Volts 
VEE 
-11.4 
to -16.5 
Volts 
Operating 
Current 
ILOGIC 
7 TYP, 15 MAX 
mA 
Icc+15V 
Supply 
11 TYP, 15 MAX 
mA 
lEE-15V 
Supply 
21 TYP, 2B MAX 
mA 


Power Dissipation 
±15V, 
+15V 
515 TYP, 720 MAX 
mW 
±12V,+5V 
385 TYP 
mW 


Internal 
Reference Voltage, 
Tminto Tm" 
+10.00 
± 0.5 MAX 
Volts 
Output current,' 
2.0 MAX 
mA 
available for external loads (External 
load 
should 
not change during 
conversion). 


III 


(IYPlcal @ +Z~v(, Wltn Vee = +l~V 
or +lZV, 
VlOGle= +oV, V" = -15V 
or -12V 
unless otherwise 
specified) 


DC and Transfer 
Accuracy 
Specifications 


MODEL 
HI-574AS 
HI-574AT 
HI-574AU I 
UNITS 


Temperature 
Range 
-2, -6 (550C to +1250C) 


Resolution 
(max) 
12 
12 
12 
Bits 


Linearity Error 
25°C(max) 
±1 
±1/2 
±1/2 
LSB 


OOC to + 750C(max) 
±1 
±1 
+1 
LSB 
Differential 
Linearity 
Error 
±1 
±1 
±1/2 
LSBs 
25°C 
(Maximum 
resolution 
for which 
no missing 
codes 
is guaranteed) 


12 
12 
Bits 
25°C 
12 


Tmin to Tmax 
11 
12 
12 
Bits 


Unipolar 
Offset (max) 
(Adjustable 
to zero) 
±2 
±1.5 
±1 
LSB 


Bipolar Offset (max) 
VIN = OV (Adjustable 
10 zero) 
±4 
±4 
±3 
LSB 
VIN = -10V 
±0.15 
±0.1 
±0.1 
%of 
F.S. 


Full Scale Calibration 
Error 
25°C (max). 
with fixed 50 n resistor 
from 
REF OUT to REF IN (Adjustable 
to zero) 
±0.25 
±0.25 
±0.15 
% of F.S. 


Tmm to Tmax 


(No adjustment 
at +25°C) 
±0.75 
±0.50 
±0.275 
% of F.S. 
(With adjustment 
to zero at +25°C) 
±0.50 
0.25 
±0.125 
% of F.S. 


Temperature 
Coefficients 


Guaranteed 
max change, Tm," to Tm" (Using internal 
reference) 


Unipolar 
Offset 
±2 
±1 
±1 
LSB 


(5) 
(2.5) 
(2.5) 
(ppm/oC) 


Bipolar Offset 
±2 
±2 
±1 
LSB 
(5) 
(5) 
(25) 
(ppm/oC) 


Full Scale Calibration 
±20 
±10 
±5 
LSB 
(50) 
(25) 
(125) 
(ppmrC) 


Power Supply 
Rejection 
Max change in Full Scale Calibration 
+ 13.5V<Vee< 
+ 16.5V or + 11.4V<Vee< 
+ 12.6V 
±2 
±1 
±1 
LSB 


+4.5V<VloGle< 
+5.5V 
±1/2 
±1/2 
±1/2 
LSB 


-16.5V<V,,<-13.5V 
or -12.6V<VEE<-11.4V 
±2 
±1 
±1 
LSB 


Analog Inputs 


Input Ranges 
Bipolar 
-5 
to +5 
Volts 


-10to 
+10 
Volts 


Unipolar 
o to +10 
Volts 
o to +20 
Volts 
Input Impedance 
10 Volt Span 
5K n, ± 25% 
Ohms 
20 Volt Span 
10K n, ± 25% 
Ohms 


Power Supplies 


Operating 
Voltage Range 
VlOGle 
+4.5 
to +5.5 
Volts 
Vee 
+ll.4to 
+16.5 
Volts 
VEE 
-11.4 
to -16.5 
Volts 
Operating 
Current 


IlOGle 
7 TYP, 15 MAX 
mA 
Ice +15V Supply 
11 TYP, 15 MAX 
mA 
lEE ·15V Supply 
21 TYP, 28 MAX 
mA 


Power Dissipation 


±15V,+15V 
515 TYP, 720 MAX 
mW 
±12V,+5V 
385 TYP 
mW 


Internal 
Reference Voltage, Tm," to Tm" 
+10.00 
±.05 
MAX 
Volts 
Output 
current 
available 
for external 
loads 
2.0 MAX 
mA 
(External 
load 
should 
nol 
change 
during 
conversion) 


HI-574A 


DIGITAL CHARACTERISTICS' 


<C 
~ 
(ALL MODELS, 
OVER FULL TEMP. RANGE) 
in 


MIN 
TYP 
MAX 
..!. 


Logic Inputs 
(CE, CS, R/C, AO, 1218)' 
:I: 


Logic 
"1" 
+2.4V 
+5.5V 
Logic "0" 
-0.5V 
+0.8V 
Current 
-5pA 
±0.1pA 
+5pA 


Capacitance 
5pF 


Logic Outputs 
(DB11-DBO, 
STS) 


Logic "0" 
(ISINK- 
1.6mA) 
+O.4V 


Logic "1" 
(ISOURCE- 
500pA) 
+2.4V 
Leakage (High - Z State, 
DB11-DBO 
ONLY) 
-5pA 
± 0.1pA 
+5pA 
Capacitance 
5pF 


, See "HI-SUA 
Timing 
Specifications" 
for a detailed 
listing 
of digital 
timing 
parameters. 


2 Although 
this guaranteed 
threshold 
is higher 
than standard 
TTL ( 
+2.0V), 
bus loading is much less, i.e.,typical 
input 
current 
is only 0.25% 
of a TTL load. 


Absolute Maximum Ratings 


(Specifications 
apply to all grades, 
except where noted) 


Vcc to Digital 
Common 
0 to + 16.5V 


VEEto Digital 
Common 
. 
0 to -16.5V 


VlOGICto Digital 
Common 
0 to + 7V 
Analog 
Common 
to Qigital Com.!!1on.'- 
±1V 


Control 
Inputs 
(CE, CS, r.., 1218, RiC) to 
Digital 
Common 
-0.5V 
to VlOGIC+0.5V 
Analog 
Inputs 
(REF IN, BIP OFF, 10V,N) to 
Analog 
Common 
.... 
± 16.5V 


20V,N to Analog 
Common 
±24V 


REF OUT 
Indefinite 
short 
to common 
Momentary 
short 
to VCC 


Junction 
TemJll!fatuA! 
. 
175·C 


Lead Temperature, 
Soidering 
........•........ 
300·C, 
10 sec. 


Storage 
Temperature 
....•....... 
-65°C 
to + 150"C 


"Derate 
20.8mW/oC 
above 750C 
III 
IOrdering Information 


PART NUMBER 
INL 
TEMPERATURE 
RANGE 
PACKAGE 


HI1-S74AJD-S 
±1 LSB 
OOCto +7SoC 
28-Pin 
Ceramic 
Dip 


HI1-574AKD-5 
±O.SLSB 
OOCto +7SOC 
28-Pin 
Ceramic 
Dip 


HI1-S74ALD-S 
±O.S LSB 
OOC1o +7S0C 
28-Pin 
Ceramic 
Dip 


HI1-S74ASD-2 
±1 LSB 
-SsoC 
to +12SoC 
28-Pin 
Ceramic 
Dip 


HI1-S74ATD-2 
±O.SLSB 
-SSoC to + 12SoC 
28-Pin 
Ceramic 
Dip 


HI1-S74AUD-2 
±O.SLSB 
-SSoC to +12SoC 
28-Pin 
Ceramic 
Dip 


HI1-S74ASD/883 
±1 LSB 
-SSoC to +12SoC 
28-Pin 
Ceramic 
Dip 


HI1-S74ATD/883 
±O.SLSB 
-SSoC to +12SoC 
28-Pin 
Ceramic 
Dip 


HI1-S74AUD/883 
±O.SLSB 
-SSoC to +12SoC 
28-Pin 
Ceramic 
Dip 


HI4-S74ASE/883 
±1 LSB 
-SSoC to +12SoC 
44-Pin 
Ceramic 
LCC 


HI4-S74ATE/883 
±O.S LSB 
-SsoC 
to +12SoC 
44-Pin 
Ceramic 
LCC 


HI4-S74AUE/883 
±O.SLSB 
-SSoC to +12SoC 
44-Pin 
Ceramic 
LCC 


Definitions of Specifications 


LINEARITY 
ERROR 


Linearity 
error 
refers to the deviation 
of each individual 
code from 
a 
line drawn 
from 
"zero" 
through 
"full 
scale". 
The point 
used as 


"zero" 
occurs 
V,LSB (1.22mV 
for 10 volt span) before the first code 


transition 
(all zeros to only the LSB "on"). 
"Full scale" 
Is defined as a 


level 
1'hLSB 
beyond 
the 
last 
code 
transition 
(to all ones). 
The 
deviation 
of a code from 
the true straight 
line is measured 
from 
the 
middle 
of each particular 
code. 


The HI-574AK, 
AL,AT, and AU grades 
are guaranteed 
for maximum 


nonlinearity 
of ±V,LSB. 
For these grades, this means that an analog 
value which falls exactly in the center of a given code width 
will result 
in the correct 
digital 
output 
code. Values nearer the upper or lower 


transition 
of the code width 
may produce 
the next upper 
or lower 
digital 
output 
code. The H~574AJ 
and AS grades 
are guaranteed 
to 
± 1LSB max error. 
For these 
grades, 
an analog 
value which 
falls 


within 
a given code width will result in either the correct 
code for that 
region 
or either adjacent 
one. 
Note that the linearity 
error 
is not user-adjustable. 


DIFFERENTIAL 
LINEARITY 
ERROR 
(NO MISSING 
CODES) 


A specification 
which 
guarantees 
no missing 
codes 
requires 
that 
every code combination 
appear in a monotonic 
increasing 
sequence 
as the analog 
input 
level is increased. 
Thus every code must have a 


finite 
width. 
For the 
HI-574AK, 
AL, AT, and 
AU grades, 
which 


guarantee 
no missing 
codes to 12-bit resolution, 
all 4096 codes must 
be present 
over 
the 
entire 
operating 
temperature 
ranges. 
The 
HI-574AJ 
and AS grades 
guarantee 
no missing 
codes 
to 
11-bit 
resolution 
over temperature; 
this 
means that all code combinations 
of the upper 11 bits must be present; 
in practice very few of the 12-bit 
codes are missing. 


UNIPOLAR 
OFFSET 


The first 
transition 
should 
occur 
at a level 
V,LSB 
above 
analog 
common. 
Unipolar 
offset 
is defined 
as the deviation 
of the actual 


transition 
from 
that point. 
This offset 
can be adjusted 
as discussed 
on the following 
pages. The unipolar 
offset 
temperature 
coefficient 


specifies 
the maximum 
change of the transition 
point over tempera- 
ture, 
with 
or without 
external 
adjustment. 


BIPOLAR 
OFFSET 


Similarly, 
in the bipolar 
mode, the major carry transition 
(01111111 
1111 to 1000 0000 
0000) 
should 
occur 
for an analog 
value V,LSB 
below 
analog 
common. 
The bipolar 
offset 
error 
and temperature 
coefficient 
specify 
the initial 
deviation 
and maximum 
change 
in the 
error over temperature. 


FULL 
SCALE 
CALIBRATION 
ERROR 


Thelasttransilion 
(from 111111111110to 
111111111111) 
should occur 
for an analog value 1V,LSB below the nominal full scale (9.9963 volts for 
10.000 volts full scale). The full scale calibration 
error is the deviation of 
the actual level at the last transition from the ideal level. This error, which is 
typically 0.05to 0.1 % of full scale, can be trimmed out as shown in Figures 
2 and 3. The full scale calibration error over temperature 
is given with and 
without the initial error trimmed out. The temperature 
coefficients for each 
grade indicate the maximum change in the full scale gain from the initial 
value using the internal 10 volt reference. 


TEMPERATURE 
COEFFICIENTS 


The temperature 
coefficients 
for full-scale 
calibration, 
unipolar 
offset, 
and bipolar 
offset 
specify 
the 
maximum 
change 
from 
the 
initial 
(25°C) value to the value at Tmin or Tmax. 


POWER 
SUPP~Y REJECTION 


The standard 
specifications 
for the HI-574A assume use of t 5. 00 and 


±15.00 
or ±12.00 
volt supplies. 
The only effect 
of power 
supply 
error on the performance 
of the device will be a small change in the 
full scale calibration. 
This will 
result 
in a linear change 
in all lower 
order 
codes. 
The specifications 
show 
the 
maximum 
change 
in 
calibration 
from 
the initial 
value with 
the supplies 
at the various 
limits. 


COOE WIOTH 


A fundamental 
quantity 
for AID converter 
specifications 
is the code 
width. 
This is defined as the range of analog input values for which a 
given digital 
output 
code will 
occur. 
The nominal 
value of a code 
width 
is equivalent 
to 1 least significant 
bit (LSB) 
of the full scale 
range or 2.44mV 
out of 10 volts for a 12-bit ADC. 


QUANTIZATION 
UNCERTAINTY 


Analog-to-digital 
converters 
exhibit 
an 
inherent 
quantization 
uncertainty 
of ±'hLSB. 
This uncertainty 
is a fundamental 
charac- 
teristic 
of the quantization 
process 
and cannot 
be reduced 
for a 
converter 
of given resolution. 


LEFT·JUSTIFIED 
DATA 


The data format 
used in the HI-574A is left-justified. 
This means that 


the 
data 
represents 
the 
analog 
input 
as a fraction 
of full-scale, 


ranging 
from 
0 to 
::~~ . This implies 
a binary point to the left of the 
MSB. 


For each application 
of this converter, 
the ground 
connections, 
power 


supply 
bypassing, 
analog 
signal 
source, 
digital 
timing 
and signal 
routing 
on the circuit 
board must be optimized 
to assure maximum 
performance. 
These areas are reviewed 
in the following 
sections, 


along with 
basic operating 
modes and calibration 
requirements. 


PHYSICAL 
MOUNTING 
ANO LAYOUT CONSIDERATIONS 


Layout- 


Unwanted, 
parasitic 
circuit 
components, 
(L, R, and C) can make 12 
bit accuracy 
impossible, 
even with a perfect AID converter. 
The best 
policy 
is to eliminate 
or minimize 
these 
parasitics 
through 
proper 
circuit 
layout, 
rather than try to quantify 
their 
effects. 


The recommended 
construction 
is a double-sided 
printed 
circuit 
board with a ground 
plane on the component 
side. Other techniques, 


such as wire-wrapping 
or point-to-point 
wiring 
on vectorboard, 
will 
have an unpredictable 
effect on accuracy. 


In general, sensitive 
analog signals should be routed between ground 
traces and kept well away from 
digital 
lines. If analog and digital 
lines 
must cross, 
they should 
do so at right angles. 


Power Supplies 


Supply 
voltages 
to the HI-574A 
(t15V, 
-15V 
and t5V) 
must 
be 


"quiet" 
and well regUlated. 
Voltage 
spikes on these lines can affect 


the converter's 
accuracy, 
causing 
several 
LSB's to flicker 
when 
a 
constant 
input 
is applied. 
Digital 
noise and spikes from 
a switching 
power supply 
are especially 
troublesome. 
If switching 
supplies 
must 
be used, 
outputs 
should 
be carefully 
filtered 
to assure 
"quiet" 
DC 
voltage 
at the converter 
terminals. 


Further, 
a bypass 
capacitor 
pair on each supply 
voltage 
terminal 
is 


necessary 
to' counter 
the 
effect 
of variations 
in supply 
current. 


Connect one pair from 
pin 1 to 15 (VlOGIC supply). 
one from 
pin lIo 
9 
(Vcc to Analog 
Common) 
and one from 
pin 11 to 9 (VEEto Analog 
Common). 
For each capacitor 
pair, a 1OJLFtantalum 
type in parallel 


with a 0.1JLF ceramic 
type is recommended. 


Ground 
Connections 


The typical HI-574A ground currents 
are 5.5mADC 
into pin 9 (Analog 
Common)and 7mADC out of pin 15 (Digital Common).lThese pins should be 
tied together at the package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to (usually) the t5V Logic Common. 
If the converter is located some distance from the system's "single point" 
ground, make only these connections to pins 9 and 15: lie them together at 
the package, and back to the system ground with a single path. This path 
should have low resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Vcc, VEEand VLOGIC terminals, but not 
through the HI-574A's Analog Common or Digital Common). 


ANALOG 
SIGNAL SOURCE 


The device 
chosen 
to drive 
the 
HI-574A 
analog 
input 
will 
see a 
nominal 
load of 5KO (10V range) or 10KO (20V range). However, the 
other end of these input resistors 
may change ±400mV 
with each bit 
decision, 
creating 
abrupt 
changes 
in current 
at the analog 
input. 


Thus, 
the 
signal 
source 
must 
maintain 
its output 
voltage 
while 
furnishing 
these step changes in load current, 
which occur at 1.6JLS 
intervals. 
This requires 
low output 
impedance 
and fast set1ling by the 
signal source. 


The output 
impedahce 
of an op amp, for example, 
has an open loop 
value which, 
in a closed loop, is divided 
by the loop gain available at a 
frequency 
of interest. 
The amplifier 
should 
have acceptable 
loop gain 
at 600KHz 
for use with 
the HI-574A. 
To check whether 
the output 
properties 
of a signal source are suitable, 
monitor 
the 574A's input 
(pin 13 or 14) with an oscilloscope 
while a conversion 
is in progress. 
Each of the twelve disturbances 
should 
subside 
in one microsecond 
or less. (The comparator 
decision 
is made about 
1.5JLS after each 
code change from 
the SAR). 


If the application 
calls for a Sample/Hold 
to precede the converter, 
it 
should 
be noted that not all Sample/Holds 
are compatible 
with the 
HI-574A 
in the 
manner 
described 
above. 
These 
will 
require 
an 
additional 
wideband 
buffer amplifier 
to lower their output impedance. 


A simpler 
solution 
is to use the Harris HA-5320 
Sample/Hold, 
which 
was designed 
for use with 
the HI-574A. 


RANGE CONNECTIONS 
ANO CALIBRATION 
PROCEOURES 


The HI-574A 
is a "complete" 
AID converter, 
meaning 
it is fully 
operational 
with 
addition 
of the power 
supply 
voltages, 
a Start 
Convert signal, and a few external components 
as shown in Figures 2 
and 3. Nothing 
more is required 
for most applications. 


Whether 
controlled 
by a processor 
or operating 
in the stand-alone 
mode, the HI-574A offers four standard 
input ranges: OVto + 10V, OV 
to +20V, 
±5V 
and ±10V. 
The maximum 
errors 
for gain and offset 
are listed under Specifications. 
If required, 
however, these errors may 
be adjusted 
to zero as explained 
below. 
Power supply 
and ground' 


connections 
have been discussed 
in an earlier section. 


Unipolar Connectionsand Calibration- 


Refer to Fig. 2. The resistors 
shown· 
are for calibration 
of offset and 
gain. 
If this is not required, 
replace R2 with 
a 50n, 
1% metal film 
resistor 
and remove the network 
on pin 12. Connect pin 12 to pin 9. 
Then, connectthe 
analog signal to pin 13 for the OV to 10V range, or 
to pin 14 forthe 
OV to 20V range. Inputs to +20V 
(5Voverthe 
power 
supply) 
are no problem - the converter 
operates 
normally. 


Calibration 
consists 
of adjusting 
the converter's 
most 
negative 
output to. its ideal value (offset adjustment), 
then, adjusting 
the most 
positive output to its ideal value (gain adjustment). 
To understand 
the 
procedure, 
note that 
in principle, 
one is setting 
the output 
with 
respect to the midpoint 
of an increment 
of analog input, 
as denoted 
by two adjacent code changes. 
Nominal value of an increment 
is one 
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LSB. 
However, 
this 
approach 
is impractical 
because 
nothing 


"happens" 
at a midpoint 
to indicate that an adjustment 
is complete. 
Therefore, 
calibration 
is performed 
in terms 
of the observable 
code 
changes instead of the midpoint 
between code changes. 


For example, 
midpoint 
of the 
first 
LSB 
increment 
should 
be 
positioned 
at the origin, 
with an output 
code of all O's. To do this, 
apply an input of +1/2 LSB (+1.22mV 
for the 10V range; +2.44mV 
for the 20V range). 
Adjust the Offset potentiometer 
Rl until the first 
code transition 
flickers 
between 
0000 0000 0000 and 0000 0000 
0001. 


Next, perform 
a Gain Adjust 
at positive 
full scale. Again, the ideal 
input corresponding 
to the last code change is applied. This is 1-1/2 
LSB's 
below 
the 
nominal 
full 
scale 
(+9.9963V 
for 
10V range; 


+19.9927V 
for 20V range). 
Adjust 
the Gain potentiometer 
R2 for 
flicker 
between codes 111111111110 
and 111111111111. 


Bipolar Connections and Calibration- 


Refer to Figure 3. The gain and offset 
errors 
listed under Specifica- 
tions 
may be adjusted 
to zero using potentiometers 
Rl and R2*. 
If 


CONTROLLI~G 
THE HI-574A 


The HI-574A 
includes 
logic for direct interface to most microproces- 
sor systems. 
The processor 
may take full control 
of each conversion, 
or the converter 
may operate in the "stand-alone" 
mode, controlled 
only by the RIG input. 
Full control 
consists 
of selecting 
an 8 or 12 bit 
conversion 
cycle, 
initiating 
the conversion, 
and reading the output 


Connect the Analog signal to pin 13 for a :t5V range, orto pin 14 for a 
:t 10V range. Calibration 
of offset 
and gain is similar 
to that for the 
unipolar ranges as discussed 
above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., 
-4.9988V 
for the :t5V 
range, or 


-9.9976V 
for the :tl0V 
range). Adjust the offset potentiometer 
Rl 
for flicker 
between 
output 
codes 0000 0000 0000 and 0000 0000 
0001. 
Next, apply a DC input voltage 1-1/2 
LSB's below positive full 
scale (+4.9963V 
for :t5V range; +9.9927Vfor 
:t10V 
range). Adjust 


the Gain potentiometer 
R2 for flicker between codes 111111111110 
and 1111 11111111. 


* The 1000. potentiometer 
R2 provides 
Gain Adjust for the 1OV and 
20V ranges. In some applications, 
a full scale of 10.24V (LSB equals 
2.5mV) 
or 20.48V 
(LSB equals 
5.0mV) 
is more convenient. 
For 
these, 
replace R2 by a 500., 1% metal film resistor. 
Then, to provide 
Gain Adjust forthe 
10.24V range, add a 2000. potentiometer 
in series 
with 
pin 13. For the 20.48V 
range, 
add a 5000. 
potentiometer 
in 
series with pin 14. 


data when ready- 
choosing 
either 12 bits at once or 8 followed 
by 4, 


in a left-justified 
format. 
The five control 
inputs 
are all TTUCMOS- 
compatible: 
(12/8, CS, fl., Ric and CE). Table 1 illustrates 
the use of 
these 
inputs 
in controlling 
the 
converter's 
operations. 
Also, 
a 
simplified 
schematic 
ofthe internal control 
logic is shown in Figure 4. 


"Stand-Alone Operation" 


The simplest 
control 
int~rlace 
calls for a sJr!gle control 
line connected 
to Ric. Also, 
CE and 1218are wired 
high, CS and Ao are wired 
low, and 
the output 
data appears 
in words 
of 12 bits each. 


The RIG signal may have any duty cycle within (and including) the ~xtremes 
shown in Figures 5 and 6. In general, data may be read when RlC is high 
unless STS is also high, indicating 
a conversion 
is in progress. 
liming 
parameters 
particular 
to this mode of operation 
are listed below under 


"Stand-Alone 
Mode liming." 
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RlC 


HIGH, 
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HIGH-Z 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


IHRL 
Low RIG Pulse Widlh 
50 
- 
- 
ns 


IDS 
STS Delay From RIG 
- 
- 
200 
ns 
IHDR 
Data Valid Afler RIG Low 
25 
- 
- 
ns 


IHS 
STS Delay Aller Dala Valid 
300 
- 
1200 
ns 
tHRH 
High RIG Pulse Widlh 
150 
- 
- 
ns 
IDDR 
Data Access Time 
- 
- 
150 
ns 


~ 
Conversion 
Length 


••••• 
A Convert Start transition 
(see Table 1) latches the state of Ao, which 
II) 
determines whether the conversion continues for 12 bits (Ao low) or stops 
.i. 
with 8 bits (Ao high). If all 12 bits are read following an 8 bit conversion, the 
:I: 
three LSB's will read zero andDB3 will reaclONE.Ao is latched because it is 
also involved in enabling the output buffers (See"Reading the Output Data"). 
No other control inputs are latched. 


CE 
CS 
RlC 
12/8 
A. 
OPERATION 
a 
x 
x 
x 
X 
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X 
1 
X 
X 
X 
None 
•• 
a 
a 
X 
a 
Initiate 
12 bit conversion 
• 
a 
a 
X 
1 
Initiate 
8 bit conversion 
1 
+ 
a 
X 
a 
Initiate 
12 bit conversion 
1 
+ 
a 
X 
1 
Initiate 
8 bit conversion 
1 
a 
t 
X 
a 
Initiate 
12 bit conversion 
1 
a 
t 
X 
1 
Initiate 
8 bit conversion 
1 
a 
1 
1 
X 
Enable 12 bit Output 
1 
a 
1 
a 
a 
Enable 
8 MSB's Only 
1 
a 
1 
a 
1 
Enable 
4 LSB's Plus 4 
Trailing Zeroes 


TABLE 1 


Truth Table lor HI·574A 
Control 
Inputs. 


Conversion 
Start 


A conversion 
may be initiateQ...as sho'1n in Table 1 by a logic transition 
on any of three inputs: 
CE, CS or RlC. The last of the three to reach 
the correct 
state starts the conversion, 
so one, two or all three may be 
dynamically 
controlled. 
The nominal 
delay lrom 
each is the same, 
and il necessary, 
all three 
may change 
state 
simultaneously. 
To 
assure 
that a particular 
input 
controls 
the start 
of conversion, 
the 
other 
two should 
be set up at least SOnS earlier, 
however. 
See the 
HI-S74A 
Timing 
Specifications, 
Convert 
mode. 


This variety 
of HI-S74A 
control 
modes 
allows 
a simple 
interface 
in 
most system applications. 
The Convert Start timing 
relationships 
are 
illustrated 
in Figure 7. 


The output 
signal STS indicates 
status 01 the converter 
by going high 
only while a conversion 
is in progress. 
White STS is high, the output 


CE 
k, - 


"" 
l:f 


"'" 


RIO 
.. 
.. 


buffers 
remain 
in a high impedance 
state and data cannot 
be read. 
Also, 
an additional 
Start 
Convert 
will 
not reset the 
converter 
or 
reinitiate 
a conversion 
while 
STS is high. 
(However, 
il Ao changes 
state after a conversion 
begins, an additional 
Start Convert signal will 
latch the new state 01 Ao. possibly 
causing a wrong 
cycle length (8 vs 
12 bits) for that conversion). 


Reading 
the Output 
Data 


The output 
data buffer!i..remain 
in a high impedance 
gate 
until four 
conditions 
are met: RIC high, 
STS low, CE high and CS low. At that 


.time, 
data lines become 
active according 
to the state of inputs 
12/8 
and Ao. Tim.1g 
constraints 
are illustrated 
in Figure 8. 


The 1218 input will be tied high or low in mjlst applications, 
though 
it 
is fUlly TTUCMOS-compatible. 
With 
1218 high, 
all 12 output 
lines 
become active simultaneously, 
for interface to a 12 or 16 bit data bus. 
The Ao input is ignored. 


With 1218 low, the output is organized in two 8 bit bytes, selected one at a time 
by Ao.This allows an 8 bit data bus to be connected as shown in Figure 9. Aois 
usually tied to the least significant bit of the address bus, for storing the 
HI-574A output in two consecutive memory locations. (With Ao low, the 8 
MSB's only are enabled. With Aohigh, 4 MSB's are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1: 


.1 
X 
X 
X 
X 
X 
X 
X 
xl I 
X 
X 
X 
X 
a 
a 
a 
01 
I 
I 
MSB 
LSB 


Further, 
A. 
may 
be toggled 
at any time 
without 
damage 
to the 
converter. 
Break-belore-make 
action 
is guaranteed 
between 
the two 
data bytes, 
which 
assures 
that 
the outputs 
strapped 
together 
in. 
Figure 9 will never be enabled at the same time. 


A read operation 
usually 
begins after the conversion 
is complete 
and 
STS is low. For earliest 
access to the data however, the read should 
begin no later than (too + tHS) belore 
STS goes low. See Figure 8. 
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FIGURE 8. READ CYCLE TIMING 


4-44 


Timing Specifications 
+250C 
Unless 
Otherwise 
Specified 
~ 
II)..!. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
:I: 


Convert 
Mode 


tosc 
STS Delay from 
CE 
200 
nS 
tHEC 
CE Pulse width 
50 
nS 
Issc 
~ 
to CE Setup 
50 
nS 
tHsc 
CS_Low during 
CE High 
50 
nS 
IsRC 
R/C to CE Setup 
50 
nS 
tHRC 
RiG Low during 
CE high 
50 
nS 
IsAC 
A" to CE Setup 
0 
nS 
tHAC 
A" Valid during 
CE high 
50 
nS 
Ie 
Conversion 
time, 
12 bit cycle 
T min to T max 
15 
20 
25 
/LS 
8 bit cycle 
T m in to T max 
10 
13 
17 
/LS 


Read Mode 


too 
Access 
time from 
CE 
75 
150 
nS 
tHo 
Data Valid after CE low 
25 
nS 
tHL 
~tput 
float 
delay 
100 
150 
nS 
tSSR 
CSJo 
CE setup 
50 
nS 
tSRR 
R/C to CE setup 
0 
nS 
IsAR 
&.to CE setup 
50 
nS 
tHSR 
CS valid after 
CE low 
0 
nS 
tHRR 
RiG high after 
CE low 
0 
nS 
tHAR 
A" valid after 
CE low 
50 
nS 
tHs 
STS delay after 
data valid 
300 
1200 
nS 


NOTE: 
Time is measured from 50% level of digital transitions. Tested with a 50pF and 3kO load. 
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DIE CHARACTERISTICS 


Transistor 
Count 
Die Size: 
Analog 
Digital 


1117 
204 x 104 mils 
158 x 84 mils 


48'CIW 
15'C/W 
Bipolar - 01 and 
CMOS - JI 


lD HARRIS 


• Complete 
12-Bit 
AID 
Converter 
with 
Reference 
and 
Clock 


• Full 8-, 12- or 16-Bit Microprocessor 
Bus Interface 


• 150ns Bus Access Time 


• No Missing Codes Over Temperature 


• Minimal Set-up Time for Control 
Signals 


• 151.1sMaximum 
Conversion 
Time 


• Low 
Noise, 
via 
Current-Mode 
Signal 
Transmission 
Between Chips 


• Byte Enable/Short 
Cycle (Ao Input) 
~ Guaranteed 
Break-Before-Make 
Action, Eliminating 
Bus Contention 
During Read Operation. 
Latched by 
the 
Start 
Convert 
Input 
(To 
Set the 
Conversion 
Length) 


• Faster Version of the HI-574A 


• Same Pinout as the HI-574A 


• ±12V to ±15V Operation 


• 
Military and Industrial 
Data Acquisition 
Systems 


• Electronic 
Test and Scientific 
Instrumentation 


• Process Control 
Systems 


HI·674A 


12J,lS, Complete 12-Bit AID Converter 
with Microprocessor Interface 


Description 


The 
HI-674A 
is 
a complete 
12-bit 
Analog-to-Digital 
Converter, including 
a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor 
control. 


Successive 
approximation 
conversion 
is performed 
by 
two monolithic 
dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric 
Isolation 
process, which provides enhanced AC performance 
and 
freedom from latch-up. 


Custom 
design 
of each IC (bipolar 
analog and CMOS 
digital) 
has yielded improved performance 
over existing 
versions 
of 
this 
converter. 
The 
voltage 
comparator 
features high PSRR plus a high speed current-mode 
latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. 
More than 2X reduction 
in noise 
has been 
achieved 
by 
using 
current 
instead 
of 
voltage 
for 
transmission 
of all signals between the analog and digital 
IC's. Also, the clock 
oscillator 
is current-controlled 
for 
excellent 
stability 
over 
temperature. 
The 
oscillator 
is 
trimmed for a nominal conversion 
time of 12 ± 1!JS. 


The HI-674A offers standard 
unipolar 
and bipolar 
input 
ranges, laser trimmed 
for specified 
linearity, 
gain and 
offset 
accuracy. 
The buried 
zener reference 
circuit 
is 
trimmed for minimum temperature 
coefficient. 


Power requirements are +5V and ±12V to ±15V, with typi- 
cal dissipation 
of 385mW at ±12V. All modelsareavailable 
in a 28 pin Sidebrazed DIP. For additional 
Hi-Rei screen- 
ing including 
160 hour burn-in specify the "-8" suffix. For 
MIL-STD-883 
compliant 
parts, request the HI-674A/883 
data sheet. 
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•.•• 
DC and Transfer Accuracy Specifications 
CO 
..!. 
J: 


MODEl 
HI-674AJ 
HI-674AK I HI-674AL 
UNITS 
Temperature 
Range 
-5 ( OOClo +750C 
) 


Resolution 
(max) 
12 
12 
12 
Bits 
Linearity 
Error 
2SOC(max) 
:;:1 
:;:1/2 
:;:1/2 
LSB 
O°C to + 7SoC (max) 
:;:1 
:;:1/2 
:;:1/2 
LSB 
Differential 
Linearity 
Error 
±1 
±1 
±1/2 
LSBs 
25°C 
(Maximum 
resolution 
for which 
no missing 
codes 
is guaranteed) 
12 
12 
Bits 
25°C 
12 
Tmin to Tmax 
11 
12 
12 
Bjts 


Unipolar 
Offset (max) 


(Adjustable 
to zero) 
:;:2 
±1.5 
±1 
LSB 
Bipolar 
Offset (max) 
VIN = OV (Adjustable 
10 zero) 
±4 
±4 
±3 
LSB 
VIN = -10V 
±0.15 
±0.1 
±0.1 
%oIF.S. 


FUll Scale Calibration 
Error 
2SoC (max), 
with fixed SOn resistor 
from 
REF OUT to REF IN (Adjustable 
to zero) 
±0.25 
±0.25 
±0.15 
% ofES. 


Tmln to Tmax 


(No adjustment 
at +2S°C) 
±0,475 
±0.375 
±0.20 
% of F.S. 
(With adjustment 
to zero at + 2S°C) 
±0.22 
0.12 
O.OS 
% of F.S. 


Temperature 
Coefficients 
Guaranteed 
max change, 
Tm," to Tm" (Using internal 
reference) 
Unipolar 
Offset 
:;:2 
:;:1 
:;:1 
LSB 
(10) 
(S) 
(S) 
(ppm/°C) 
Bipolar Offset 
:;:2 
:;:1 
:;:1 
LSB 
(10) 
(S) 
(S) 
(ppmrC) 
Full Scale Calibration 
:;:9 
±2 
:;:2 
LSB 
(45) 
(10) 
(10) 
(ppmrC) 


Power Supply 
Rejection 
Max change in FUll Scale Calibration 
+ 13.SV<Vcc<+ 
16.SV or + 11.4V<Vcc< 
+ 12.6V 
:;:2 
:;:1 
:;:1 
LSB 


+4.SV<V,OGIC< 
+S.SV 
:;:1/2 
:;:1/2 
:;:1/2 
LSB 


-16.SV<VEE< 
-13.SV 
or -12.6V<VEE< 
-11.4V 
:;:2 
:;:1 
:;:1 
LSB 


Analog 
Inputs 


Input Ranges 


Volts 
Bipolar 
-S 
to +S 


-10 
to +10 
Volts 


Unipolar 
o to +10 
Volts 


o to +20 
Volts 


Input Impedance 
Ohms 
10 Volt Span 
SK, :;: 2S% 


20 Volt Span 
10K, :;: 2S% 
Ohms 


Power Supplies 


Operating 
Voltage Range 


Volts 
V,OGIC 
+4.Sto 
+S.S 
Vcc 
+11.4to 
+16.S 
Volts 
VEE 
-11.4 
to -16.5 
Volts 


Operating 
Current 
mA 
1,0GIC 
7 TYP, 1S MAX 
Icc +15V Supply 
11 TYP, 1S MAX 
mA 
lEE -15V 
Supply 
21 TYP, 28 MAX 
mA 


Power Oissipation 
S1S TYP, 720 MAX 
mW 
±15V,+5V 
+12VL+5V 
385 TYP 
mW 


Internal 
Reference Voltage, 
Tm," to Tm" 
+10.00 
±.OS MAX 
Volts 


Output 
current 
available 
for external 
loads 
2.0 MAX 
mA 


(External 
load should 
not change 
during 
conversion) 
-----~ 


(Typical @ + 25°C with Vee = + 15V or + 12V, VLOGle= + 5V. VEE= -15V 
or -12V 
unless otherwise 
specified) 
DC and Transfer Accuracy Specifications 


MODEL 
HI·674AS I 
HI·674AT 
HI-674AU I 
UNITS 


Temperature 
Range 
-2, -8 (550C 
to +1250q 


Resolution 
(max) 
12 
12 
12 
Bits 


Linearity 
Error 
25°C(max) 
±1 
±1/2 
±1/2 
LSB 
OOC to + 750C(max) 
±1 
±1 
±1 
LSB 


Differential 
Linearity 
Error 
±1 
±1 
±1/2 
lSBs 
25°C 
(Maximum 
resolution 
for which 
no missing 
codes 
is guaranteed) 
12 
12 
Bits 
25°C 
12 


Tmin to Tmax 
11 
12 
12 
Bits 


Unipolar 
Offset (max) 
(Adjustable 
to zero) 
±2 
±1.5 
±1 
LSB 


Bipolar 
Offset (max) 
VIN = OV (Adjustable 
to zero) 
±4 
±4 
±3 
lSB 
VIN = -10V 
±O.15 
±O.l 
±O.l 
%ofF.S. 


Full Scale Calibration 
Error 
25°C (max). 
with fixed 50!1 
resistor 
from 
REF OUT to REF IN (Adjustable 
to zero) 
±O.25 
±O.25 
±O.15 
% of F.S. 


Tmin to Tmax 
(No adjustment 
at +25°C) 
±O.75 
±O.50 
±O.275 
% of F.S. 


(With adjustment 
to zero at +25°C) 
±O.50 
0.25 
±O.125 
% ofES. 


Temperature 
Coefficients 
Guaranteed 
max change, Tm;nto Tm" (Using internal 
reference) 
Unipolar 
Offset 
±2 
±1 
±1 
LSB 
(5) 
(2.5) 
(2.5) 
(ppmrC) 


Bipolar Offset 
±2 
±2 
±1 
LSB 
(5) 
(5) 
(2.5) 
(ppmrC) 


Full Scale Calibration 
±20 
±10 
±5 
LSB 
(50) 
(25) 
(12.5) 
(ppmJ°C) 


Power Supply 
Rejection 
Max change in Full Scale Calibration 
+13.5V<Vee<+16.5Vor 
+11.4V<Vee<+12.6V 
±2 
±1 
±1 
LSB 
+4.5V<V,oGle< 
+5.5V 
±1/2 
±1/2 
±1/2 
LSB 


-16.5V<VEE<-13.5Vor 
-12.6V<VEE<-11.4V 
±2 
±1 
±1 
LSB 


Analog Inputs 
Input Ranges 
Bipolar 
-5to 
+5 
Volts 


-10 
to +10 
Volts 


Unipolar 
Oto 
+10 
Volts 
o to +20 
Volts 


Input Impedance 
10 Volt Span 
5K!1, 
± 25% 
Ohms 
20 Volt Span 
10K!1, 
± 25% 
Ohms 


Power Supplies 
Operating 
Voltage Range 
VLOGle 
+4.5 
to +5.5 
Volts 
Vee 
+11.4to 
+16.5 
Volts 
VEE 
-11.4 
to -16.5 
Volts 


Operating 
Current 
1,0Gle 
7 TYP, 15 MAX 
mA 
Ice +15V Supply 
11 TYP, 15 MAX 
mA 
lEE ·15V Supply 
21 TYP. 28 MAX 
mA 


Power Dissipation 
±15V,+15V 
515 TYP. 720 MAX 
mW 
±12V, 
+5V 
385 TYP 
mW 


Internal 
Reference Voltaoe, Tm'n to Tm" 
+10.00 
±.05 
MAX 
Volts 
Output 
current 
available 
for external 
loads 
2.0 MAX 
mA 
(External 
load 
should 
not 
change 
during 


conversion) 


Digital Specifications' 
(All Models. 
Over Full Temperature 
Range) 


MIN 
TYP 
MAX 


Logic Inputs 
(CE. CS. RlC, AO, 1218)' 
Logic "1" 
+2.4V 
+5.5V 
Logic 
"0" 
-0.5V 
+0.8V 
Current 
-5/LA 
± 0.1!LA 
+5/LA 
Capacitance 
5pF 


Logic Outputs 
(DB11-DBO, 
STS) 
Logic "0" 
(ISINK- 
1.6mA) 
+O.4V 


Logic" 
1" (lsouRce - 
500/LA) 
+2.4V 


Leakage (High - Z State. 
DB11-DBO ONLY) 
-5!LA 
± O.l/LA 
+5/LA 
Capacitance 
5pF 


t 
See 
"HI-674A 
Timing 
Specifications" 
for a detailed 
listing 
of digital 
timing 
parameters. 
2 
Although 
this 
guaranteed 
threshold 
is higher 
than 
standard 
Tn t+2.0VJ. bus 
loading 
is much 
less. i.e.. typical 
input 
currenl 
is only 
0.2596 
of ~ TTL load_ 


Absolute 
Maximum 
Ratings 


(Specifications 
apply to all grades, 
except where noted) 
20V,N to Analog 
Common 
... 
.. 
±24V 
..... ... ..... 
. ....... 
, 


Vcc to Digital Common 
...... 
......... 
......... 
Oto+16.5V 
REF OUT 
. ... ......... 
. ....... 
.. 
Indefinite 
short to common 
Vee to Digital 
Common 
............. 
........ . .. Oto 
-16.5V 
Momentary 
short to Vcc 
VLOGICto Digital Common 
........ 
........ .... . .... 
0 to + 7V 
Junction 
Temperature 
.., ... ......... 
.... 
175°C 
Analog 
Common 
to QLgital Com!!1on ..:.. ...... 
. ........... 
±1V 
Lead Temperature, 
Soldering 
.... 
300"C, 
10 sec. 


Control 
Inputs 
(CE. CS, /Iv, , 1218, RlC) to 
. ............ 


Digital 
Common 
........ 
-0.5V 
to VLOGIC+0.5V 
Storage Temperature 
... ... ... . ........... 
-65·Cto 
+150"C 


Analog 
Inputs 
(REF IN. BIP OFF. 10V,N) to 
Analog 
Common 
........ 
.... ........ 
±16.5V 


Ordering 
Information 


. 


PART NUMBER 
INL 
TEMPERATURE 
RANGE 
PACKAGE 


HI'-674AJD-S 
±, 
LSB 
OOCto +7SoC 
28 Pin Ceramic 
DIP 


HI'-674AKD-S 
±O.SLSB 
OOCto +7SOC 
28 Pin Ceramic 
DIP 


HI'-674ALD-S 
±O.SLSB 
OOCto +7SOC 
28 Pin Ceramic 
DIP 


HI1-674ASD-2 
±, 
LSB 
-SsoC 
to +12SoC 
28 Pin Ceramic 
DIP 


HI'-674ATD-2 
±O.S LSB 
-SsoC 
to +' 2SoC 
28 Pin Ceramic 
DIP 


HI'-674AUD-2 
±O.SLSB 
-SsoC 
to +' 2SoC 
28 Pin Ceramic 
DIP 


HI' -674ASD/883 
±, 
LSB 
-SsoC 
to +' 2SoC 
28 Pin Ceramic 
DIP 


HI' -674ATD/883 
±O.S LSB 
-SsoC 
to +' 2SoC 
28 Pin Ceramic 
DIP 


HI' -674AUD/883 
±O.S LSB 
-SsoC 
to +12SoC 
28 Pin Ceramic 
DIP 


H14-67 4ASE/883 
±, 
LSB 
-SsoC 
to +' 2SoC 
44 Pin Ceramic 
LCe 


HI4-674ATE/883 
±O.SLSB 
-SSoC to +' 2SoC 
44 Pin Ceramic 
LCC 


HI4-674AUE/883 
±O.SLSB 
-SSoC to +' 2SoC 
44 Pin Ceramic 
LCC 


DefinftfunsofSpedficailons 


LINEARITY 
ERROR 
transition 
of the code width 
may produce 
the next upper 
or lower 


Linearity 
error 
refers to the deviation 
of each individual 
code from 
a 
digital 
output 
code. The HI-674.AJ and AS grades are guaranteed 
to 


line drawn 
from 
"zero" 
through 
"full 
scale". 
The point 
used as 
± 1LSB max error. 
For these 
grades, 
an analog 
value which 
falls 


"zero" occurs 
'hLSB (1.22mV 
for 10 volt span) before the first code 
within 
a given code width 
will result in either the correct 
code for that 


transition 
(all zeros to only the LSB "on"). 
"Full scale" 
is defined as a 
region or either adjacent 
one. 


level 
1Y2LSB beyond 
the 
last code 
transition 
(to all ones). 
The 
Note that the linearity 
error 
is not user-adjustable. 


deviation 
of a code from the true straight 
line is measured 
from the 
DIFFERENTIAL 
LINEARITY 
ERROR 
middle 
of each particular 
code. 
(NO MISSING 
COOES) 


The HI-674AK, 
AL.AT, and AU grades 
are guaranteed 
for maximum 
A specification 
which 
guarantees 
no missing 
codes 
requires 
that 
nonlinearity 
of ± 'hLSB. 
For these grades. this means that an analog 
every code combination 
appear in a monotonic 
increasing 
sequence 
value which falls exactly in the center of a given code width 
will result 
as the analog input level is increased. 
Thus every code must have a 
in the correct 
digital 
output 
code. Values nearer the upper or lower 
finite 
width. 
For the 
HI-674AK. 
AL, AT. and AU grades. 
which 


guarantee 
no missing 
codes to 12-bit resolution, 
all 4096 codes must 
be present 
over 
the 
entire 
operating 
temperature 
ranges. 
The 


HI-674AJ 
and AS grades 
guarantee 
no missing 
codes 
to 11-bit 


resolution 
over temperature; 
this 
means that all code combinations 
of the upper 11 bits must be present; 
in practice very few of the 12-bit 
codes are missing. 


UNIPOLAR 
OFFSET 


The first 
transition 
should 
occur 
at a level 
V,LSB 
above 
analog 
common. 
Unipolar 
offset 
is defined 
as the deviation 
of the actual 


transition 
from 
that point. 
This offset 
can be adjusted 
as discussed 


on the following 
pages. The unipolar 
offset 
temperature 
coefficient 


specifies 
the maximum 
change of the transition 
point over tempera- 
ture, 
with 
or without 
external 
adjustment. 


BIPOLAR 
OFFSET 


Similarly, 
in the bipolar 
mode, the major carry transition 
(0111 
1111 
1111 to 1000 0000 
0000) 
should 
occur 
for an analog 
value V,LSB 
below 
analog 
common. 
The bipolar 
offset 
error 
and temperature 
coefficient 
specify 
the initial 
deviation 
and maximum 
change 
in the 
error 
over temperature. 


FULL 
SCALE 
CALIBRATION 
ERROR 


Thelasttransition(froml11111111110to111111111111)shouldoccur 
for 
an analog value 1'hLSB below the nominal full scale (9.9963 volts for 10.000 
volls full scale). The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in Figures 2 and 3. 
The full scale calibration error over temperature is given with and without the 
initial error trimmed out. The temperature coefficients for each grade indicate 
the maximum change in the full scale gain from the initial value using the 
internal 10 volt reference. 


TEMPERATURE 
COEFFICIENTS 


The temperature 
coefficients 
for 
full-scale 
calibration, 
unipolar 
offset, 
and bipolar 
offset 
specify 
the maximum 
change 
from 
the 


initial 
(25'C) 
value to the value at Tmoo or Tm". 


POWER 
SUPPLY 
REJECTION 


The standard 
specifications 
for the HI-674Aassume 
use of +5.00 
and 


±15.00 
or ±12.00 
volt supplies. 
The only effect 
of power 
supply 
error on the performance 
of the device will be a small change in the 
full scale calibration. 
This will 
result 
in a linear 
change 
in all lower 
order 
codes. 
The specifications 
show 
the 
maximum 
change 
in 
calibration 
from 
the initial 
value with 
the supplies 
at the various 
limits. 


CODE WIDTH 


A fundamental 
quantity 
for AiD converter 
specifications 
is the code 
width. 
This is defined 
as the range of analog input values for which a 
given 
digital 
output 
code will 
occur 
The nominal 
value 
of a code 
width 
is equivalent 
to 1 least significant 
bit (LSB) 
of the full scale 
range or 2.44mV 
out of 10 volts for a 12-bit 
ADC. 


QUANTIZATION 
UNCERTAINTY 


Analog-to-digital 
converters 
exhibit 
an 
inherent 
quantization 
uncertainty 
of ± V,LSB. 
This uncertainty 
is a fundamental 
charac- 
teristic 
of the quantization 
process 
and cannot 
be red~ced 
for a 
converter 
of given resolution. 


LEFT-JUSTIFIED 
DATA 


The data format 
used in the HI-674A 
is left-justified. 
This means that 
the 
data 
represents 
the analog 
input 
as a fraction 
of full-scale, 


ranging 
from 
0 to 
:~:: 
. This implies 
a binary 
point to the left of the 
MSB. 
• 


For each application 
of this converter, 
the ground 
connections, 
power 
supply 
bypassing, 
analog 
signal 
source, 
digital 
timing 
and signal 
routing 
on the circuit 
board must be optimized 
to assure 
maximum 
performance. 
These areas are reviewed 
in the following 
sections, 


along with 
basic operating 
modes and calibration 
requirements. 


PHYSICAL 
MOUNTING 
AND LAYOUT CONSIDERATIDNS 


Layoul- 


Unwanted, 
parasitic 
circuit 
components, 
(L, R, and C) can make 12 
bit accuracy 
impossible, 
even with a perfect AiD converter 
The best 
policy 
is to eliminate 
or minimize 
these 
parasitics 
through 
proper 
circuit 
layout, 
rather than try to quantify 
their effects. 


The recommended 
construction 
is a double-sided 
printed 
circuit 
board with a ground 
plane on the component 
side. Other techniques, 


such as wire-wrapping 
or point-to-point 
wiring 
on vectorboard, 
will 
have an unpredictable 
effect on accuracy. 


In general, sensitive 
analog signals should 
be routed between ground 
traces and kept well away from digital 
lines. If analog and digital 
lines 
must cross, 
they should 
do so at right 
angles. 


Power 
Supplies 


Supply 
voltages 
to the 
HI-674A 
(+ 15V, -15V 
and +5V) 
must 
be 


"quiet" 
and well regulated. 
Voltage 
spikes on these lines can affect 


the converter's'accuracy, 
causing 
several 
LSB's to lIicker 
when 
a 
constant 
input 
is applied. 
Digital 
noise and spikes from 
a switching 
power supply 
are especially 
troublesome. 
If switching 
supplies 
must 
be used, outputs 
should 
be carefully 
filtered 
to assure 
"quiet" 
DC 
voltage 
at the converter 
terminals. 


Further, 
a bypass 
capacitor 
pair on each supply 
voltage 
terminal 
is 
necessary 
to counter 
the 
effect 
of variations 
in supply 
current. 


Connect one pair from 
pin 1to 15 (VlOGICsupply), 
one from 
pin 710 9 
(Vcc to Analog 
Common) 
and one from 
pin 11 to 9 (VEEto Analog 
Common). 
For each capacitor 
pair, a lOJLF tantalum 
type in parallel 
with a O.lJLF ceramic 
type is recommended. 


Ground 
Connections 


The typical 
HI-674A 
ground 
currents 
are 6mADC 
into pin 9 (Analog 
Ground) 
and 3mADC 
out of pin 15 (Digital 
Common). 
These 
pins 
should 
be tied 
together 
at the 
package 
to guarantee 
specified 
performance 
for the converter 
In addition, 
a wide PC trace should 
run directly 
from 
pin 9 to (usually) 
15V common, 
and from 
pin 15to 
(usually) 
the +5V 
Logic Common. 
If the converter 
is located 
some 
distance 
from 
the system's 
"single 
point" 
ground, 
make only these 
connections 
to pins 9 and 15: Tie them together 
at the package, 
and 
back to the system 
ground 
with a single 
path. This path should 
have 
low resistance 
since it will 
carry 
about 
3mA of DC current. 
(Code 
dependent 
currents 
flow in the Vcc, VEEand VlOGICterminals, 
but not 
through 
the HI-674A's 
Analog 
Common 
or Digital 
Common). 


ANALOG 
SIGNAL 
SOURCE 


The device chosen to drive the HI-674A analog input will see a 
nominal load of 5Kn (10Vrange) or 10Kn (20Vrange). However,the 
other end of these input resistors may change ±400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 950nS 
intervals. This requires low output impedance and fast settling by the 
signal source. 


The outputimpedanceof an op amp,for example,hasan open loopvalue 
which,inaclosedloop,isdividedbytheloopgainavailableatafrequencyof 
inlerest.Theamplifiershouldhaveacceptableloopgainat1MHzforusewith 
the HI-674A.Tocheckwhetherthe outputpropertiesof a signalsourceare 
suitable,monitorthe 674A'sinput(pin 13or 14)withanoscilloscopewhilea 
conversionis inprogress.Eachofthetwelvedisturbancesshouldsubsidein 
one halfmicrosecondor less.(Thecomparatordecisionis madeabout850 
nSaftereachcodechangefromthe SAR). 


If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
HI-674A in the manner described above. These will require an 
additional wide band buffer amplifier to lower their output impedance. 
A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was de§igned for use with the HI-674A. 


RANGE CONNECTIONS 
ANO CALIBRATION 
PROCEOURES 


The HI-674A is a "complete" 
A/D converter, 
meaning it is fully 
operational 
with addition of the power supply voltages, a Start 
Convert signal, and afew external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 


Whether controlled by a processor or operating in the stand-alone 
mode, the HI-674Aoffers four standard input ranges: OVto + 1OV,OV 
to +20V, ±5V and ±10V. The maximum errors for gain and offset 
are listed under Specifications. If required, however,these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 


Unipolar Connections and Calibration- 
Referto Fig. 2. The resistors shown" are for calibration of offset and 
gain. If this is not required, replace R2 with a 500., 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connect the analog signal to pin 13 for the OVto 10V range, or 
to pin 14 for the OVto 20V range. Inputs to +20V (5V over the power 
supply) are no problem - the converter operates normally. 


Calibration consists 
of adjusting 
the converter's 
most negative 
output to its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). Tounderstand the 
procedure, 
note that in principle, 
one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 
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HI-674A 
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28 
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oTo +20" 
± tOV 
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- 


LSB. However, this approach is impractical 
because nothing 


"happens" at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 


For example, midpoint 
of the first 
LSB increment 
should be 
positioned at the origin, with an output code of all O's. To do this, 
apply an input of + 1/2 LSB(+ 1.22mV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer Rl until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 


Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB's below the nominal full scale (+9.9963V 
for 10V range; 


+ 19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 1111 1111 1110 and 1111 1111 1111. 


Bipolar Connections and Calibration- 
Referto Figure 3. The gain and offset errors listed under Specifica- 
tions may be adjusted to zero using potentiometers Rl and R2*. If 


CONTROLLING 
THE HI-674A 


The HI-674A includes logic for direct interfaceto most microproces- 
sor systems. The processor maytakefUll control of eachconversion, 
or the converter may operate in the "stand-alone" mode, controlled 
only by the RIG input. FUllcontrol consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 


Connectthe Analogsignal to pin 13for a ±5V range, orto pin 14for a 
± 1OVrange. Calibration of offset and gain is similar to that for the 
unipolar rangesasdiscussed above.First applya DCinput voltage 1/2 
LSBabove negativefUll scale (i.e., -4.9988V for the ±5V range, or 
-9.9976V for the ±10V range). Adjustlhe offset potentiometer Rl 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DCinput voltage 1-1/2 LSB's below positive fUll 
scale (+4.9963Vfor 
±5Vrange; +9.9927Vfor 
±10V range). Adjust 
the Gainpotentiometer R2for flicker betweencodes 1111 1111 1110 
and 111111111111. 


* The lOOn potentiometer R2 provides GainAdjust for the 10V and 
20V ranges. In some applications, afull scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replaceR2 by a 50n, 1% metal film resistor. Then, to provide 
GainAdjustforthe 10.24V range, add a200n potentiometer in series 
with pin 13. For the 20.48V range, add a 500n potentiometer in 
series with pin 14. 


data when ready-choosing 
either 12 bits at once or 8 followed by 4, 


in a left-justified format. The five control inputs are all TTUCMOS- 
compatible: (1218, CS, Po, RiGand CE).Table1 illustrates the use of 
these inputs in controlling 
the converter's 
operations. 
Also, a 
simplified schematic of the internal control logic isshown in Figure4. • 


"Stand-Alone 
Operation" 


The simplest 
control 
int~rface 
calis for a sl!!gle 
control 
line connected 


to R1C. Also, CE and 1218 are wired 
high, 
CS and"'" 
are wired 
low, and 
the output 
data appears 
in words 
of 12 bits each. 


The R/C signal may have any duty cycle within (and including) the extremes 
shown in Figures 5 and 6. In general, data may be read when RIG is high 
unless 
STS is also high, indicating 
a conversion 
is in progress. 
Timing 


parameters 
particular 
to this mode of operation 
are listed below 
under 


"Stand-Alone 
Mode Timing." 
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ENABLED 
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HIGH, 
OTHERWISE 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


IHRL 
Low RIG 
Pulse Widlh 
50 
- 
- 
ns 
IDS 
STS Delay From RIG 
- 
- 
200 
ns 


IHDR 
Data Valid After RIG Low 
25 
- 
- 
ns 


tHS 
STS Delay After Data Valid 
25 
- 
850 
ns 
tHRH 
High RIG 
Pulse Width 
150 
- 
- 
ns 
IDDR 
Data Access Time 
- 
- 
150 
ns 


Cf 
..,- 
Of 
.., 
•.. 
•.. 


1:1" 
ef 
.. 
... 


RiO 
Ri1:' 


bo. 


A, 
A, 


•.. 


STI 


STI 
"" 
.. 


0111-010 
HIGH 


HIGH IM"DANCE 
IMPEDANCf 


Dl11-D11 
.. 


FIGURE 7. CONVERT START TIMING 
FIGURE 8. READ CYCLE TIMING 


4-55 


Conversion 
Length 


A Convert 
Start transition 
(see Table 1) latches the state of 110, which 
determines whether the conversion continues for 12 bits (110 low) or stops 
with 8 bits (110 high). If all 12 bits are read following an 8 bit conversion, the 
three LSB's will read zero andDB3wili 
read ONE. 110 is latched because it is 
also involved in enabling the output buffers (see "Reading the Output Data"). 
No other control inputs are latched. 


CE 
CS 
RlC 
1218 
A. 
OPERATION 
a 
x 
x 
x 
X 
None 
X 
1 
X 
X 
X 
None 


•• 
a 
a 
X 
a 
Initiate 
12 bit conversion 


•• 
a 
a 
X 
1 
Initiate 
8 bit conversion 
1 
+ 
a 
X 
a 
Initiate 
12 bit conversion 
1 • 
a 
X 
1 
Initiate 
8 bit conversion 
1 
a 
t 
X 
a 
Initiate 
12 bit conversion 
1 
a 
t 
X 
1 
Initiate 
8 bit conversion 
1 
a 
1 
1 
X 
Enable 12 bit Output 
1 
a 
1 
a 
a 
Enable 
8 MSB's 
Only 
1 
a 
1 
a 
1 
Enable 
4 LSB's Plus 4 
Trailing 
Zeroes 


TABLE 1 


Truth Table lor HI-674A 
Control 
Inputs. 


Conversion 
Start 


A conversion 
may be initiateQ..-as shoy!'n in Table 1 by a logic transition 
on any of three 
inputs: 
CE, CS or RlC. The last of the three to reach 
the correct 
state starts the conversion, 
so one, two or all three may be 
dynamically 
controlled. 
The nominal 
delay from 
each is the same, 


and if necessary, 
all three 
may change 
state 
simultaneously. 
To 
assure 
that 
a particular 
input 
controls 
the start 
of conversion, 
the 
other 
two should 
be set up at least 50nS earlier, 
however. 
See the 
HI-674A 
Timing 
Specifications, 
Convert 
mode. 


This variety 
of HI-674A 
control 
modes 
allows 
a simple 
interface 
in 
most system 
applications. 
The Convert 
Start timing 
relationships 
are 
illustrated 
in Figure 7. 


The output 
signal STS indicates 
status of the converter 
by going high 
only while a conversion 
is in progress. 
While STS is high, the output 


buffers 
remain 
in a high impedance 
state and data cannot 
be read. 
Also, 
an additional 
Start 
Convert 
will 
not reset 
the 
converter 
or 
reinitiate 
a conversion 
while 
STS is high. 
(However, 
if Ao changes 
state after a conversion 
begins, 
an additional 
Start Convert signal will 
latch the new state of Ao, possibly 
causing 
a wrong 
cycle length (8 vs 
12 bits) for that conversion). 


Read lng the Output 
Data 


The output 
data buffers 
remain 
in a high impedance 
state until 
four 
conditions 
are met: R/C high, 
STS low, CE high and CS low. At that 
time, 
data lines become 
active according 
to the state of inputs 
12/8 
and Ao. Timing 
constraints 
are illustrated 
in Figure 8. 


The 1218 input will be tied high or low in mjJst applications, 
though 
it 
is fully 
TTUCMOS-compatible. 
With 
1218 high, 
all 12 output 
lines 
become active simultaneously, 
for interface 
to a 12 or 16 bit data bus. 


The Ao input 
is ignored. 


With 12I8fow, the output is organized in two 8 bit bytes, selected one at a time 
by 110. This allows an 8 bit data bus to be connected as shown in Figure 9. 110 is 
usually tied to the least significant bit of the address bus, for storing the 
HI-674A output in two consecutive 
memory locations. (With 110 low, the 8 
MSB's only are enabled. With 110 high, 4 MSB's are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered 
"left justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1: 
III 
.1 
X 
X 
X 
X 
X 
X 
X 
xl I 
X 
X 
X 
X 
a 
a 
a 
01 
, 
I 
MSB 
LSB 


Further, 
A. 
may 
be toggled 
at any time 
without 
damage 
to the 
converter. 
Break-before-make 
action 
is guaranteed 
between 
the two 
data bytes, 
which 
assures 
that 
the outputs 
strapped 
together 
in 
Figure 9 will never be enabled 
at the same time. 


A read operation 
usually 
begins after the conversion 
is complete 
and 
STS is low. For earliest 
access to the data however, 
the read should 
begin no later than (too + tHS) before 
STS goes low. See Figure 8. 


..,. 
Ilmmg 
;:,peCITICallOns 
+250C 
Unless 
Otherwise 
Specified 
•••• 
CO 
Symbol 
Parameler 
Min 
Typ 
Mal 
UniCs 
..!.. 
J: 
Convert Mode 


losc 
STS Delay from 
CE 
200 
nS 
tHEC 
CE Pulse width 
50 
nS 
tssc 
<1§ 10 CE Setup 
50 
nS 
tHsc 
CS_Low during 
CE High' 
50 
nS 
tsRC 
RlC to CE Setup 
50 
nS 
tHAC 
RlC Low during 
CE high 
50 
nS 
IsAc 
A. to CE Selup 
a 
nS 
tHAC 
A. Valid during 
CE high 
50 
nS 
Ie 
Conversion 
time. 
12 bit cycle T min to T max 
9 
12 
15 
/LS 
8 bit cycle 
T min to T max 
6 
8 
10 
/LS 


Read Mode 


100 
Access 
time 
from 
CE 
75 
150 
nS 
tHo 
Dala Valid after 
CE low 
25 
nS 
tHl 
Q!!tput 
float 
delay 
100 
150 
nS 
lssR 
CS_to CE setup 
50 
nS 
tsRR 
RlC to CE setup 
a 
nS 
tsAR 
&.10 CE setup 
50 
nS 
tHSR 
CS valid after 
CE low 
a 
nS 
tHRR 
RlC high after 
CE low 
a 
nS 
tHAR 
A. valid after 
CE low 
50 
nS 
tHs 
STS delay after data valid 
25 
850 
nS 


NOTE: 
Time 
is measured 
from 
50% 
level 
of digital 
transitions. 
Tested 
with 
a SOpF 
and 3kn load. 


ADDRESS 
BUS 


STS 
2. 
,m 
O"'IMS') 
27 


2' 


4 
A. 
2' 


2. 


GAlA 
23 
'US 


HI-674A 
22 


21 


20 


19 


11 


17 


O"llS.) 
,. 


otG. 
15 
COM. 


Transistor Count 
Die Size; Analog 
Digital 


1117 
204 x l04mils 
158 x 84 mils 


Thermal Constants; IJ.•• 


IJ." 


48"CfN 
15"CIW 


Bipolar-DI 
CMOs-J1 


• Complete 
12 Bit AID 
Converter 
With Reference and 
Clock 


• Digital Error Correction 


• Full 8-, 12-, or 16-Bit Microprocessor 
Bus Interface 


• 150ns Bus Access Time 


• No Missing Codes Over Temperature 


• Minimal Setup Time For Control 
Signals 


• 9ps Maximum 
Conve[5ion 
Time Over Temperature 


• Low Noise, Via Current-Mode 
Signal Transmission 
between Chips 


• Byte Enable/Short 
Cycle (Ao Input) 
• 
Guarantees 
break-before-make 
action, 
eliminating 
bus contention 
during 
read operation. 
Latched 
by 
the 
Start 
Convert 
Input 
(To 
Set the 
Conversion 
Length) 


• Faster Version of the HI-574A and HI-674A 


• Same Pinout as HI-574A and HI-674A 


• ±12V to ±15V Operation 


• Industrial 
Data Acquisition 
Systems 


• Electronics 
Test and Scientific 
Instrumentation 


• Process Control 
Systems 


8ps, Complete 12-Bit AID Converter 
With Microprocessor Interface 


The HI-774 is a complete 12 bit Analog-to-Digital 
Conver- 
ter, including 
a +10V reference clock, three-state outputs 
and 
a 
digital 
interface 
for 
microprocessor 
control. 


Successive 
approximation 
conversion 
is performed 
by 
two 
monolithic 
dice housed 
in a 28-pin 
package. 
The 
bipolar analog die features the Harris Dielectric 
Isolation 
process, whch provides enhanced 
AC performance 
and 
freedom from latch-up. The digital die features the Smart 
SAR (SSAR'"j, 
which 
includes 
a digital 
error correction 
circuit. 


Custom design of each IC (bipolar and CMOS digital) has 
yielded 
improved 
performance 
over existing 
versions of 
this 
converter. 
The 
voltage 
comparator 
features 
high 
PSRR plus a high speed current-mode 
latch. and provides 
precise 
decisions 
down to 0.1 LSB of input 
overdrive. 


More than 2X reduction 
in noise has been achieved 
by 
using current instead of voltage for transmission 
of all sig- 
nals between the analog and digital 
IC's. Also, the clock 
oscillator 
is current controlled 
for excellent stability 
over 
temperature. 
• 
The HI-774 offers 
standard 
unipolar 
and bipolar 
input 
ranges, laser trimmed for specified linearity. gain and off- 
set accuracy. The low noise buried zener reference circuit 
is trimmed 
for minimum 
temperature 
coefficient. 


Power 
requirements 
are +5V and ±12V 
to ±15V, 
with 
typical 
dissipation 
of 390mW at ±12V. 
All 
models 
are 
packaged 
in 
a 
28 
pin 
Ceramic 
Sidebrazed 
DIP. 


+5V SUPPLY. VLOGIC 
1 


OATA MOOE SElECT. 
12/8 


CHIP SElECT. CS 


BYTE AOOR/SHORT 
CYCLE. AO 


REAO/CONVERT. 
R/C 


CHIP ENABLE. CE 


+12V/+15V 
SUPPLY. VCC 
7 


+IOV REfERENCE 
OUT 


ANALOG COMMON 


REFERENCE 
INPUT 


-12V/-15V 
SUPPLY. VEE 


BIPOLAR OFFSET, BIP OFF 


IOV INPUT 
13 


20V INPUT 
14 


OIGITAL 


OATA 


OUTPUTS 


;! 
Block Diagram 
•••••.!. 
:I: 
BIT OUTPUTS 
A------------L-S8'~ 


;:. 
1 


VlOltJt 
;:. 
15 
OIGITAL 
COMMON 


28 
STS 


Transistor 
Count 
Die Dimensions 
Analog 
Digital 
. 


Process 
. 


Thermal 
Constants 
(OC/W) 


......204 x 104 mils 


. 
200 x 82 mils 


.Bipolar-DI 
and CMOS-JI 


8ja 
8jc 


47 
14 


(Typical @ +25°C 
with Vcc = +15Vor 
+12V, 
VlOGIC= +5V, VEE= -15Vor 
-12V 
unless otherwise 
specified) 
DC and Transfer Accuracy Specifications 


MODEL 
HI-774J 
HI-774K 
HI-774L I 
UNITS 


Temperature 
Range 
-5 
(OOC to +750C) 


Resolution 
(max) 
12 
12 
12 
Bits 


Linearity 
Error 
25°C{max) 
±1 
±1/2 
±1/2 
LSB 
OOC to + 750C{max) 
±1 
±1/2 
±1/2 
LSB 


(Maximum 
resolution 
for which 
no missing 
codes 
Is guaranteed) 
12 
12 
Bits 
25°C 
11 


Tmin to Tmax 
11 
12 
12 
Bits 


Unipolar 
Offset (max) 
(Adjustable 
to zero) 
±2 
±1.5 
±1 
LSB 


Bipolar 
Ollsel 
(max) 
VIN = OV (AdJuslable 
to zero) 
±4 
±4 
±3 
LSB 
VIN = -10V 
±O.15 
±0.1 
±0.1 
%ofF.S. 


FUll Scale Calibration 
Error 
25°C (max), 
with fixed 50 0. resistor 
from 
REF OUT to REF IN (Adjustable 
to zero) 
±O.25 
±O.25 
±0.15 
% ofES. 


Tmin to Tmu 


(No adjustment 
at +25°C) 
±0.475 
±0.375 
±0.20 
% oIES. 
(With 
adjustment 
to zero at + 25°C) 
±0.22 
±0.12 
±0.05 
% oIES. 


Temperature 
Coefficients 
Guaranteed 
max change, 
Tmin to Tm" (Using 
internal 
reference) 
Unipolar 
Offset 
±2 
±1 
±1 
LSB 


Bipolar 
Offset 
±2 
±2 
±1 
LSB 


Full Scale Calibration 
±9 
±5 
±2 
LSB 


Power Supply 
Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor 
+11.4V<Vcc<+12.6V 
±2 
±1 
±1 
LSB 


+4.5V<VLOGIC< 
+5.5V 
±1/2 
±1/2 
±1/2 
LSB 


-16.5V<VEE<-13.5Vor 
-12.6V<VEE<-11.4V 
±2 
±1 
±1 
LSB 


Analog 
Inputs 


.Input Ranges 
Bipolar 
-5to 
+5 
Volts 


-10to+10 
Volts 


_Unipolar 
o to +10 
Volts 
o to +20 
Volts 


Input Impedance 
10 Volt Span 
5K 0., ± 25% 
Ohms 
20 Volt Span 
10K n, ± 25% 
Ohms 


Power Supplies 
Operating 
Voltage Range 
VlOGIC 
+4.5to 
+5.5 
Volts 
Vcc 
+11.4 
to +16.5 
Volts 
VEE 
-11.4 
to -16.5 
Volts 


Operating 
Current 
!LOGIC 
7TYP, 
15 MAX 
mA 
Icc + 15V Supply 
11 TYP, 15 MAX 
mA 
lEE -15V Supply 
21 TYP, 28 MAX 
mA 


Power 
Dissipation 
±15V,+15V 
515 TYP, 720 MAX 
mW 
±12V,+5V 
385 TYP 
mW 


Internal 
Reference VoltaQe. Tmin to Tm" 
+10.00 
± 0.05 
MAX 
Volts 
Output 
current 
available 
for external 
loads 
2.0 
MAX 
mA 
(External 
load 
should 
not 
change 
during 
conversion) 


III 


"l:t 
••••• 
(Typical @ + 25°C with Vec = + 15V or + 12V, VlOGle = + 5V, V" 
= -15V 
or -12V 
unless otherwise 
specified) 
t;- 
DC and Transfer 
Accuracy 
Specifications 


::z:: 
MODEL 
HI-774S I 
HI-774T 
I HI-774UI 
UNITS 


Temperature 
Range 
-2, -8 (550e 
10 +1250C) 


Resolution 
(max) 
12 
12 
12 
Bils 


linearity 
Error 
25°C(max) 
±1 
±1/2 
±1/2 
LSB 
ooe 
10 + 750C(max) 
±1 
±1 
±1 
LSB 


lSBs 


(Maximum 
resolution 
for which no missing codes 
Is guaranteed) 
12 
12 
Bits 
250e 
11 


1min 
10 Tmax 
11 
12 
12 
Bits 


Unipolar 
Offset (max) 
(Adjustable 
to zero) 
±2 
±2 
±1 
LSB 


Bipolar Offset (max) 
VIN = OV (Adjustable 
\0 zero) 
±4 
±4 
±3 
lSB 
VIN = -10V 
±O.15 
±O.l 
±O.1 
'lOaf 
F.S, 


Full Scale Calibration 
Error 
25°C (max). 
with fixed 50!! 
resistor 
from 
REF OUT to REF IN (Adjustable 
to zero) 
±O.25 
±O.25 
±O.15 
% ofES. 


Tmin to Tmax 


(No adjustment 
at +25°C) 
±O.75 
±0.50 
±O.275 
% of F.S. 


(With adjustment 
to zero at + 25°C) 
±O.50 
±0.25 
±O.125 
% of ES. 


Temperature 
Coefficients 


Guaranteed 
max change, Tm'nto TO'" (Using internal 
reference) 
Unipolar 
Offset 
±2 
±1 
±1 
LSB 


Bipolar Offset 
±2 
±2 
±1 
LSB 


Full Scale Calibration 
±20 
±10 
±5 
LSB 


Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor 
+11.4V<Vec<+12.6V 
±2 
±1 
±1 
LSB 
+4.5V<VLOGlC<+5.5V 
±1/2 
±1/2 
±1/2 
LSB 
-16.5V<V'E<-13.5V 
or -12.6V<V,,<-11.4V 
±2 
±1 
±1 
LSB 


Analog Inputs 


Input Ranges 
Bipolar 
-5to 
+5 
Volts 
-10to 
+10 
Volts 


Unipolar 
o to +10 
Volts 


o to +20 
Volts 


Input Impedance 
10 Volt Span 
5K!!, 
± 25% 
Ohms 


20 Volt Span 
10K!!, 
± 25% 
Ohms 


Power Supplies 
Operating 
Voltage Range 
VlOGIC 
+4.5 
to +5.5 
Volts 


Vee 
+11.4 
to +16.5 
Volts 


V" 
-11.4 
to -16.5 
Volts 


Operating 
Current 
!LOGIC 
?TYP. 
15 MAX 
mA 


Ice + 15V Supply 
11 TYP. 15 MAX 
mA 


lEE 
·15V Supply 
21 TYP, 28 MAX 
mA 


Power Dissipation 
±15V,+15V 
515TYP. 
720 MAX 
mW 
±12V,+5V 
385 TYP 
mW 


Internal 
Reference Voltaoe. Tm;nto Tm" 
+ 10.00 
± 0.05 
MAX 
Volts 
Output 
current available 
for external 
loads 
2.0 
MAX 
mA 
(External load should not change 
during 
conversion) 
- 


MIN 
TYP 
MAX 


Logic 
Inputs (CE, CS, RIC, 
Ao, 12/8) 


Logic "1" 
+2.0V 
+5.5V 


Logic "a" 
-0.5V 
+0.8V 


Current 
0.1J1A 
+5J1A 


Capacitance 
5pF 


Logic 
Outputs 
(DB11-DBO, STS) 


Logic "a" (ISINK - 
1.6mA) 
+O.4V 


Logic "1" (IS0URCE 
- 
500J1A) 
+2.4V 


Logic "1" (ISOURCE 
- 
10J1A) 
+4.5V 


Leakage (High Z State, DB11-DBO only) 
±O.1J1A 
±5J1A 
Capacitance 
5pF 


SYMBOL 
I 
PARAMETER 
MIN 
I 
TYP 
MAX 
UNITS 


CONVERT 
MODE 


toSC 
STS Delay From CE 
- 
100 
200 
ns 


IHEC 
CE Pulse Width 
50 
30 
- 
ns 


ISSC 
CS 10 CE Setup 
50 
20 
- 
ns 


tHSC 
CS Low During CE High 
50 
20 
- 
ns 


ISRC 
R/C 10 CE Setup 
50 
0 
- 
ns 


IHRC 
R/C Low During 
CE High 
50 
20 
- 
ns 


ISAC 
Ao 10 CE setup 
0 
0 
- 
ns 


IHAC 
Ao Valid During 
CE High 
50 
30 
- 
ns 


Ic 
Conversion 
time, 
12 bit Cycle Tmin to Tmax (-5) 
- 
8.0 
9 
~s 


8 bit Cycle Tmin to Tmax (-5) 
- 
6.4 
6.8 
~s 


12 bit Cycle Tmin 10Tmax (-2) 
- 
9 
11 
~s 


8 bil Cycle Tmin 10Tmax (-2) 
- 
6.8 
8.3 
~s 


READ MODE 


toD 
Access Time From CE 
- 
75 
150 
ns 


IHD 
Data Valid After CE Low 
25 
35 
- 
ns 


IHL 
Oulpul 
Float Delay 
- 
70 
150 
ns 


ISSR 
CS 10 CE Setup 
50 
0 
- 
ns 
ISRR 
R/C 10 CE selup 
0 
0 
- 
ns 


ISAR 
Ao 10 CE selup 
50 
25 
- 
ns 


IHSR 
CS Valid After CE Low 
0 
0 
- 
ns 


IHRR 
R/C High After CE Low 
0 
0 
- 
ns 
IHAR 
Ao Valid After CE Low 
50 
25 
- 
ns 
IHS 
STS Delay After Dala Valid 
- 
90 
300 
ns 


VCC to Digital 
Common 
VEE to Digital 
Common. 


VLOGIC 
to Digital 
Common 
Analog 
Common 
to Digital 
Common 
Control 
Inputs 
(CE, CS, Ao, 12/8, 
R/C) 
to 
Digital 
Common 
-0.5V to VLOGIC 
+0.5V 
Analog 
Inputs 
(REF IN, BIP OFF, 10VIN) to 
Analog 
Common 
20VIN to Analog 
Common. 


a to +16.5V 


. 
a to -16.5V 
a to +7V 


±1V 


............................ 
Indefinite 
short to common 
Momentary 
short to VCC 


................ +1750C 


3000C, 10 sec. 


-650C to +1500C 


Junction 
Temperature 


Lead Temperature, 
Soldering. 
Storage Temperature 
.... 


III 


Linearity 
Error 


Linearity 
error 
refers to the deviation 
of each individual 
code from a line drawn from "zero" through 
"fuli scale". 


The point used as "zero occurs 'hLSB (1.22mV for 10 volt 
span) before the first code transition 
(ali zeros to only the 
LSB "on"). "Fuli scale" is defined as a level 1'hLSB beyond 
the last code transition 
(to all ones). The deviation 
of a 
code 
from 
the true 
straight 
line is measured 
from the 


middle of each particular 
code. 


The HI-774K and L, grades are guaranteed 
for maximum 
nonlinearity 
of ±'hLSB. 
For these grades, this means that 
an analog value which falls exactly in the center of a given 
code width 
wili result in the correct 
digital output 
code. 
Values nearer the upper or lower transition 
\of the code 
width may produce the next upper or lower digital output 
code. The HI-774J 
grade 
is guaranteed 
to ±1LSB 
max 
error. For this grade, an analog value which falis within a 
given code width will result in either the correct code for 
that region or either adjacent 
one. 


Note that the linearity 
error is not user-adjustable. 


Differential 
Linearity 
Error (No Missing Codes) 


A 
specification 
which 
guarantees 
no 
missing 
codes 
requires 
that every combination 
appear in a monotonic 


increasing 
sequence 
as 
the 
analog 
input 
level 
is 
increased. 
Thus every code must have a finite width. For 
the HI-774 K and L grades which guarantee 
no missing 
codes to 12-bit resolution, 
ali 4096 codes must be present 
over the entire operating 
temerature 
ranges. The HI-774J 
grade guarantees 
no missing codes to 11-bit resolution 
over temperature; 
this means that ali code combinations 
of the upper 11 bits must be present; in practice very few 
of the 12-bit codes are missing. 


Unipolar 
Offset 


The first transition 
should 
occur 
at a level 'hLSB above 
analog 
common. 
Unipolar 
offset 
is 
defined 
as 
the 
deviation 
of the actuai 
transition 
from 
that point. 
This 
offset 
can 
be adjusted 
as discussed 
on the foliowing 
pages. 
The 
unipolar 
offset 
temperature 
coefficient 
specifies the maximum change of the transition 
point over 


temperature, 
with or without 
external 
adjustment. 


Bipolar Offset 


Similarly, 
in the bipolar 
mode, the major carry transition 
(0111 1111 1111 to 10000000 
0000) should occur for an 
analog value 'hLSB below analog common. 
The bipolar 
offset error and temperature 
coefficient 
specify the initial 
deviation 
and 
maximum 
change 
in 
the 
error 
over 
temperature. 


Full Scale Calibration 
Error 


The last transition 
(from 
1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1'hLSB below the 
nominal fuli scale (9.9963 volts for 10.000 volts full scale). 
The full 
scale calibration 
error 
is the deviation 
of the 
actual level at the last transition 
from the ideal level. This 
error, which is typically 
0.05 to 0.1% of full scale, can be 
trimmed 
out as shown in Figures 2 and 3. The full scale 
calibration 
error 
over 
temperature 
is given 
with 
and 
without 
the initial 
error 
trimmed 
out. The temperature 
coefficients 
for each grade indicate the maximum change 
in the full 
scale 
gain 
from 
the 
initial 
value 
using 
the 
internal 
10 volt reference. 


Temperature 
Coefficients 


The temperature 
coefficients 
for full-scale 
calibration, 
unipolar 
offset, and bipolar 
offset specify the maximum 
change from the initial (250C) value to the value at Tmin 
or Tmax. 


Power Supply Rejection 


The standard specifications 
for the HI-774 assume use of 


+5.00 and ±15.00 or ±12.00 volt supplies. The only effect 
of power supply 
error on the performance 
of the device 


wili be a small change in the full scale calibration. 
This will 
result 
in a linear change 
in all lower order codes. The 
specifications 
show the maximum 
change in calibration 
from the initial value with the supplies at the various limits. 


Code Width 


A fundamental 
quantity 
for AID converter 
specifications 
is the code width. This is defined as the range of analog 
input 
values for which 
a given digital 
output 
code will 
occur. The nominal value of acode width is equivalent to 1 
least significant 
bit (LSB) of the fuli scale range or 2.44mV 
out of 10 volts for a ~2-bit ADC. 


Quantization 
Uncertainty 


Analog-to-digital 
converters 
exhibit 
an inherent 
quanti- 
zation 
uncertainty 
of 
±'hLSB. 
This 
uncertainty 
is a 
fundamental 
characteristic 
of the quantization 
process 
and cannot be reduced for a converter of given resolution. 


Left-Justified 
Data 


The data format 
used in the HI-774 is left-justified. 
This 
means that the data represents the analog input as a frac- 
tion of fuli-scale, 
ranging 
from 0 to 4095 
This implies a 
binary point to the left of the MSB. 4096 


For each application 
of this converter, 
the ground 
con- 
nections, 
power supply 
bypassing, 
analog signal source, 
digital timing and signal routing on the circuit board must 
be optimized 
to assure 
maximum 
performance. 
These 
areas are reviewed 
in the following 
sections, 
along with 
basic operating 
modes and calibration 
requirements. 


PHYSICAL 
MOUNTING 
AND 
LAYOUT 
CONSIDERATIONS 
_ 


Layoul- 


Unwanted, 
parasitic circuit components, 
(L, R, and C) can 
make 12 bit accuracy 
impossible, 
even with a perfect AID 
converter. 
The 
best policy 
is to eliminate 
or minimize 
these parasitics through 
proper circuit 
layout, rather than 


try to quantify 
their effects. 


The recommended 
construction 
is a double-sided 
printed 
circuit 
board with a ground 
piane on the component 
side. 
Other 
techniques, 
such 
as wire-wrapping 
or 
point-to- 
point wiring 
on vectorboard, 
will have an unpredictable 
effect on accuracy. 


In general, 
sensitive 
analog 
signals 
should 
be routed 
between 
ground 
traces and kept well away from digital 
lines. If analog and digital lines must cross, they should do 
so at right angles. 


Power Supplies 


Supply 
voltages to the HI-774 (+15V, -15V and +5V) must 
be "quiet" 
and well 
regulated. 
Voltage 
spikes 
on these 
lines can affect the converter's 
accuracy, 
causing several 
LSB's to flicker 
when a constant 
input is applied. 
Digital 


noise and spikes from a switching 
power supply are espe- 
cially 
troublesome. 
If switching 
supplies 
must be used, 
outputs 
should 
be carefully 
filtered 
to assure "quiet" 
DC 
voltage 
at the converter 
terminals. 


Further, a bypass capacitor 
pair on each supply voltage 
terminal 
is necessary to counter the effect of variations in' 


supply current. Connect one pair from pin 1 to 15 (VLOGIC 
supply), one from pin 7 to 9 (VCC to Analog Common) and 
one from pin 11 to 9 (VEE to Analog Common). 
For each 
capacitor pair, a 1OI'Ftantalum type in parallel with a O.1I'F 
ceramic type is recommended. 


Ground 
Connections 


The typical 
HI-774 ground 
currents are 6mADC into pin 9 
(Analog 
Common) 
and 3mADC 
out 
of pin 
15 (Digital 
Common). 
These 
pins 
should 
be tied 
together 
at the 
package 
to 
guarantee 
specified 
performance 
for 
the 
converter. 
In addition, 
a wide PC trace should run directly 


from pin 9 to (usually) 
15V common, 
and from pin 15 to 
(usually) 
the 
+5V Logic 
Common. 
If the 
converter 
is 
located 
some distance 
from the system's 
"single 
point" 


ground, make only these connections 
to pins 9and 15:Tie 
them together 
at the package: 
and back to the system 
ground 
with 
a single 
path. This 
path should 
have low 
resistance 
since it will 
carry about 3mA of DC current. 


(Code 
dependent 
currents 
flow 
in the VCC, VEE and 
VLOGIC 
terminals, 
but not through 
the HI-774's Analog 
Common 
or Digital 
Common). 


ANALOG 
SIGNAL 
SOURCE 


The 
device 
driving 
the HI-774 
analog 
input 
will 
see a 
nominal 
load of 5KO (10V range) or 10KO (20V range). 


However, 
the 
other 
end of these 
input 
resistors 
may 
change as much as ±400mV with each bit decision. These 
input 
disturbances 
are 
caused 
by 
the 
internal 
DAC 
changing 
codes which 
causes a glitch 
on the summing 
junction. 
This creates 
abrupt 
changes 
in current 
at the 
analog input causing 
a "kick back" glitch from the input. 


Because 
the 
algorithm 
starts 
with 
the 
MSB, 
the first 
glitches 
will 
be 
the 
largest 
and 
get 
smaller 
as the 
conversion 
proceeds. These glitches 
can occur at 350ns 
intervals so an op-amp with a low output 
impedance 
and 
fast settling 
is desirable. 
Ultimately, 
the input must settle 
to within the window 
of figure 1 at the bit decision 
points 
in order to achieve 12 bit accuracy. 


The HI-774 differs from the most high-speed 
successive 
approximation 
type ADC's 
in that it does not require 
a 
high performance 
buffer or sample and hold. With error 
correction 
the input 
can settle while 
the conversion 
is 
underway, 
but only during the first 4./¥.ts.The input must 
be within ±0.76% of the final value when the MSB decision 
is made. 
This 
occurs 
approximately 
650ns 
after 
the 
ponversion 
has been 
initiated. 
Digital 
error 
correction 
also loosens the bandwidth 
requirements 
of the buffer or 
sample 
and 
hold. 
As 
long 
as the 
input 
"kick 
back" 


disturbances 
settle 
within 
the window 
of figure 
1 the 
device 
will 
remain 
accurate. 
The 
combined 
effect 
of 
settling 
and the "kick 
back' disturbances 
must remain in 
the figure 
1 window. 


If the design is being optimized for speed; the inputdevice 
should have a closed loop bandwidth 
to 3MHz, and a low 
output 
impedance 
(calculated 
by dividing 
the open loop 
output 
resistance 
by 
the 
open 
loop 
gain). 
If 
the 
application 
requires 
a high speed sample and hold the 
Harris HA-5330 or HA-5320 are recommended. 


In any design the input (pin 13 or 14) should be checked 
during 
a conversion 
to make sure that the input 
stays 
within 
the correctable 
window 
of figure 
1. 


• 


The HI-774 features the smart sucessive approximation 
register 
(SSAR'") which includes digital error correction. 


This has the advantage of allowing the initial input to vary 
within a +31 to -32LSB window about the final value. The 
input can move during 
the first 4.8Ils, after which it must 
remain stable within 
±~LSB. 
With this feature a conver- 


sion 
can start 
before the input 
has settled completely; 


however, 
it must be within 
the window 
as described 
in 
Figure 1. 


The 
conversion 
cycle 
starts 
by making 
the first 
8-bit 
decisions very quickly, allowing the internal DAC to settle 
only to 8-bit accuracy. 
Then the converter goes through 


two error correction 
cycies. At this point the input must be 


stable within ±'hLSB. These cycles correct the 8-bit word 
to 12-bit accuracy 
for any errors made (up to +16 or -32 


bits). This is up one count or down two counts at 8-bit 


BIT DECISION 
POINTS 


1\... 


resolution. 
The 
converter 
then 
continues 
to make the 
4LSB decisions, 
settling 
out to 12-bit accuracy. 
The last 


four bits can adjust the code in the positive direction 
by up 
to 15 bits. This results in a total correction 
range of +31 to 
-32 bits. When an 8-bit conversion 
is performed, the input 


must settle to within 
±~LSB 
at 8 bit resolution 
(which 


equals ±8 bits at 12-bit resolution). 


With the HI-774 a conversion 
can be initiated 
before the 
input 
has completely 
settled, 
as long 
as it meets the 
constraints 
of the Figure 1 window. This allows the user to 
start conversion 
up to 4.8/1s earlier 
than with a typical 


analog 
to 
digital 
converter. 
A 
typical 
successive 
approximation 
type 
ADC 
must 
have a constant 
input 
during a conversion 
because once a bit decision is made it 
is locked in and cannot change. 


\ 
END OF 
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FIGURE 
3. BIPOLAR 
INPUT 
CONNECTIONS 


RANGE CONNECTIONS 
AND CALIBRATION 
PROCEDURES 


The HI-774 is a "complete" 
AID converter, 
meaning it is 
fully 
operational 
with 
addition 
of 
the 
power 
supply 
voltages, 
a Start 
Convert 
signal, 
and 
a few 
external 
components 
as shown in figures 2 and 3. Nothing more is 
required for most applications. 


Whether 
controlled 
by a processor 
or operating 
in the 
stand-alone 
mode, the HI-774 offers four standard 
input 
ranges: OV to +10V. OV to +20V. ±5V and ±10V. The maxi- 
mum errors for gain and offset are listed under Specifica- 
tions. If required, 
however. these errors may be adjusted 
to zero as explained 
below. 
Power supply 
and ground 
connections 
have been discussed in an earlier section. 


Refer to figure 2. The resistors shown' 
are for calibration 
of offset and gain. If this is not required. replace R2 with a 
son, 1% metal fiim resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog sig- 
nal to pin 13 for the OV to 10V range, or to pin 14 for the OV 
to 20V range. Inputs to +20V (5V over the power-supply) 
are no problem-the 
converter 
opera,tes normally. 


Calibration 
consists 
in adjusting 
the converters's 
most 
negative output to its ideal value (offset adjustment), then, 
adjusting 
the most positive output to its ideal value (gain 
adjustment). 
To understand 
the procedure, 
note that in 
principle. 
one is settling 
the output 
with respect to the 
midpoint 
of an increment 
of analog input, as denoted by 
two adjacent 
code changes. Nominal 
value of an incre- 
ment is one LSB. However, this approach 
is impractical 
because nothing "happens" 
at a midpoint 
to indicate that 
an adjustment 
is complete. 
Therefore, 
calibration 
is per- 
formed 
in terms of the observable code changes instead 
of the midpoint 
between code changes. 


For example, midpoint 
of the first LSB increment 
should 
be positioned 
at the origin. with an output code of all D's. 
To do this, apply an input of +'hLSB (+1.22mV for the 10V 
range; 
+2.44mV 
for the 
20V 
range). 
Adjust 
the Offset 
potentiometer 
R1 until 
the first code transition 
flickers 
between 0000 0000 0000 and 0000 0000 0001. 


Next, perform 
a Gain Adjust at positive full scale. Again, 
the ideal input 
corresponding 
to the last code change 
is applied. 
This is 1V,LSB's below the nominal full scale 
(+9.9963V for 10V range; +19.9927V for 20V range). Adjust 
the Gain potentiometer 
R2 for flicker between codes 1111 
11111110 and 111111111111. 


Bipolar Connections 
and Calibration- 


Refer to Figure 3. The gain and offset errors listed under 
Specifications 
may be adjusted 
tonero 
using 
potenti- 
ometers R1 and R2'. If tbis isn't required, either or both 
pots may be replaced by a son, 
1% metal film resistor. 


Connect the Analog signal to pin 13 for a ±5V range. or to 
pin 14 for a ±10V 
range. Calibration 
of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage 'hLSB above negative full 
scale (i.e .. -4.9988V 
for the ±5V range, or -9.9976V for the 
±lOV 
range). 
Adjust 
the 
offset 
potentiometer 
R1 for 
flicker 
between 
output 
codes 0000 0000 0000 and 0000 
00000001. Next, apply a DC input voltage 1V,LSB's below 
positive full scale (+4.9963V 
for ±5V range; +9.9927V 
for 
±10V range). Adjust the Gain potentiometer 
R2 for flicker 
between codes 1111 1111 1110 and 1111 1111 1111. 
III 


'The 1DOn potentiometer 
R2 provides Gain Adjust for the 
10V and 20V ranges. In some applications. 
a full scale of 
10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. 
For these, replace R2 by a son, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 200n potentiometer 
in series with pin 
13. For the 20.48 range, add a soon 
potentiometer 
in 
series with the pin 14. 


The HI-774 
includes 
logic 
for direct 
interface 
to most 
microprocessor 
systems. 
The 
processor 
may take full 
control 
of each conversion. 
or the converter may operate 
in the "stand-alone" 
mode, controlled 
only 
by the RIG 
input. 
Full control 
consists 
of selecting 
an 8 or 12 bit 
conversion 
cycle. initiating 
the conversion. 
and reading 
the output 
data when ready-choosing 
either 12 bits at 
once or 8 followed 
by 4, in a left-justified 
format. The five 
control 
inputs are all TTL/CMOS- 
compatible: 
(12/8, CS, 
Ao• RIG and CE). Table 1illustrates the use of these inputs 
in controlling 
the converter's 
operations. 
Also. a simpli- 
fied schematic 
of the internal 
control 
logic 
is shown 
in 
Figure 4. 


"Stand-Alone 
Operation" 


The simplest 
control 
interface 
calls for a single control 
line connected 
to R/C. 
Also, CE and 12/8 are wired high, 
CS and Ao are wired low, and the output "data appears in 
words of 12 bits each. 


The RIG 
signal 
may have any duty 
cycle 
within 
(and 
including) 
the extremes 
shown 
in Figures 
5 and 6. In 
general. data may be read when RIG is high unless STS is 
also high. indicating 
a conversion 
is in progress. Timing 
parameters particular 
to this mode of operation are listed 
in the "Stand-Alone 
Mode Timing" 
chart. 


~IHDR. 


0811-oBO 
DATA 
VAllO 


R/f~ 
m_rt_'HRH 
~~'DS }, 


~ 
'HD 
'r 


HIGH-Z 
0811-080 
DATA 
VAllO 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


tHRL 
Low RIG Pulse Width 
50 
ns 


tDS 
STS Delay 
from RIG 
200 
ns 


tHDR 
Data Valid 
After RIG Low 
20 
ns 


tHS 
STS Delay 
After 
Data Valid 
90 
300 
ns 


tHRH 
High RIG Pulse Width 
150 
ns 


tDDR 
Data 
Access 
Time 
150 
ns 


Conversion 
Length 


A Convert Start transition 
(see Table 1) latches the state of 
Ao, which 
determines 
whether 
the conversion 
continues 
for 12 bits (Ao low) or stops with 8 bits (Ao high). If al112 
bits are read following 
an 8 bit conversion, 
the last three 
LSB's will read zero and DB3 will read ONE. Ao is latched 
because 
it is also involved 
in enabling 
the output 
buffers 
(see "Reading 
the Output 
Data"). No other control 
inputs 
are latched. 


CE 
CS 
RlC 1218 A. 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
1 
X 
X 
X 
None 
.. 
0 
0 
X 
0 
Initiate12bit conversion 
.. 
0 
0 
X 
1 
Initiate 8 bit conversion 
1 
+ 
0 
X 
0 
Initiate12bit conversion 
1 
+ 
0 
X 
1 
Initiate 8 bit conversion 
1 
0 
t 
X 
0 
Initiate12bit conversion 
1 
0 
+ 
X 
1 
Initiate 8 bit conversion 
1 
0 
1 
1 
X 
Enable12bit Output 
1 
0 
1 
0 
0 
Enable 8 MS8'sOnly 
1 
0 
1 
0 
1 
Enable 4 LSB'sPlus4 
TrailingZeroes 


Conversion 
Start 


A conversion 
may be initiated 
as shown 
in Table 1 by a 
logic transition 
on any of three inputs: CE, CS or R/C. The 
last of the 
three 
to 
reach 
the 
correct 
state 
starts 
the 
conversion, 
so one, two or all three may be dynamically 
controlled. 
The nominal 
delay from each is the same, and 
if necessary, all three may change state simultaneously. 
To 
assure 
that 
a 
particular 
input 
controls 
the 
start 
of 
conversion, 
the other two should 
be set up at least SOnS 
earlier, 
however. 
See the HI-774 Timing 
Specifications, 
Convert 
mode. 


This 
variety 
of 
HI-774 
control 
modes 
allows 
a simple 
interface 
in most system applications. 
The Convert 
Start 
timing 
relationships 
are illustrated 
in Figure 7. 


The output signal STS indicates 
status of the converter 
by 
going 
high only while a conversion 
is in progress. 
While 
STS 
is 
high, 
the 
output 
buffers 
remain 
in 
a 
high 
impedance 
state 
and 
data 
cannot 
be 
read. 
Also, 
an 
additional 
Start 
Convert 
will 
not reset the converter 
or 
reinitiate 
a conversion 
while STS is high. 


Reading 
the Output 
Data 


The output 
data butters 
remain in a high impedance 
state 
until four conditions 
are met: RIG high, STS low, CE high 
and 
CS 
low. 
At 
that 
time, 
data 
lines 
become 
active 
according 
to the 
state 
of inputs 
12/8 
and Ao. Timing 
constraints 
are illustrated 
in Figure 8. 


The 
12/8 
input 
will 
be 
tied 
high 
or 
low 
in 
most 
applications, 
though 
it is fully 
TTL/CMOS-compatible 
. 
With 
1218 
high, 
all 
12 
output 
lines 
become 
active 
simultaneously, 
for interface to a 12 or 16 bit data bus. The 
Ao input is ignored. 


With 12/8 low, the output 
is organized 
in two 8 bit bytes, 
selected one at a time by Ao. This allows an 8 bit data bus 
to be connected 
as shown in figure 9. Ao is usually tied to 
the least significant 
bit of the a<;ldress bus, for storing 
the 
HI-774 
output 
in 
two 
consecutive 
memory 
locations. 
(With Ao low, the 8 MSB's only are enabled. With Ao high, 
4 MSB's are disabled, 
bits 4 through 
7 are forced 
low, and 
the 
4 
LSB's 
are 
enabled). 
This 
two 
byte 
format 
is 
considered 
"left 
justified 
data", for which 
a decimal 
(or 
binary!) 
point 
is assumed 
to the left of byte 1: 


.1 
X 
X 
X 
X 
X 
X 
X xlix 
X 
X 
X 
0 
0 
0 
01 
I 
I 
MSB 
LSB 


Further, Ao may be toggled at any time without damage to 
the converter. 
Break-before-make 
action 
is guaranteed 
between 
the 
two 
data 
bytes, 
which 
assures 
that 
the 
outputs 
strapped 
together 
in 
Figure 
9 will 
never 
be 
enabled 
at the same time. 
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PART NUMBER 
INL 
TEMPERATURE 
RANGE 
PACKAGE 


HI1-774JD-5 
±1 LSB 
OOC to +750C 
28 Pin Ceramic 
DIP 


HI1-774KD-5 
±O.5 LSB 
OOC to +750C 
28 Pin Ceramic 
DIP 


HI1-774LD-5 
±O.5 LSB 
OOC to +750C 
28 Pin Ceramic 
DIP 


HI1-774SD-2 
±1 LSB 
-550C 
to +1250C 
28 Pin Ceramic 
DIP 


HI1-774TD-2 
±O.5LSB 
-550Cto+1250C 
28 Pin Ceramic 
DIP 


HI1-774UD-2 
±O.5LSB 
-550C 
to +1250C 
28 Pin Ceramic 
DIP 


HI1-774S/883 
±1 LSB 
-550C 
to +1250C 
28 Pin Ceramic 
DIP 


HI1-774T/883 
±O.5 LSB 
-550C 
to +1250C 
28 Pin Ceramic 
DIP 


HI1-774U1883 
±O.5 LSB 
-550C 
to +1250C 
28 Pin Ceramic 
DIP 


H14-77 4S/883 
±1 LSB 
-550C 
to +1250C 
44 Pin Ceramic 
LCC 


HI4-774T/883 
±O.5 LSB 
-550Cto+1250C 
44 Pin Ceramic Lee 


HI1-774U1883 
±O.5 LSB 
-550C 
to +1250C 
44 Pin Ceramic 
LCC 
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HARRIS 
SEMICONOUCTOR 
HI·7151 
10-Bit High Speed AID 
Converter 
with Track & Hold 


GENERAL 
DESCRIPTION 


The Harris 
HI-7151 
is a high speed 
10-bit AID 
converter 
which 
uses a Two Step Flash algorithm 
to achieve 
through- 
put rates of 100 kHz. A unique switched 
capacitor 
technique 
allows 
a new 
input voltage 
to be sampled 
while 
a conver- 
sion is taking 
place. 


A Track 
and Hold amplifier 
is included 
on the chip, 
con- 
sisting 
of two 
high 
speed 
amplifiers 
and 
an internal 
hold 
capacitor. 


Microprocessor 
bus interfacing 
is simplified 
by the use of 
standard 
Chip Select, 
Read, and Write control 
signals. 
The 
digital three-state 
outputs 
are byte organized 
for interfacing 
to either 
8- or 16-bit systems. 
An Over-Range 
pin, together 
with the MSB, can be used to indicate 
an out-of-range 
con- 
dition. 


The HI-7151 
operates 
with ± 5V supplies. 
A single 
+ 2.5V 
reference 
is required 
to provide 
a bipolar 
input range 
from 
-2.5V 
to +2.5V. 


Internal 
high speed CMOS 
buffers 
at both the analog 
and 
reference 
inputs 
simplify 
external 
drive requirements. 


Part 
Linearity 
Temperature 


Number 
(Max. OLE) 
Range 
Package 


HI3-7151J-5 
±1 LSB 
OOCtO+750C 
28 Pin Plastic DIP 


HI3-7151K-5 
±1/2 
LSB 
oOCto +750C 
28 Pin Plastic DIP 


HI3-7151A-9 
±1 LSB 
OoC to+850C 
28 Pin Piastic DIP 


HI3-7151B-9 
±1/2 
LSB 
OoC to+850C 
28 Pin Plastic DIP 


HI1-7151S-2 
±1 LSB 
-55°C 
to + 125°C 
28 Pin Ceramic 
DIP 


HI1-7151T-2 
±1/2 
LSB 
-55°C 
to + 125°C 
28 Pin Ceramic DIP 


FEATURES 
• 10 ,...sConversion Time 
• 100 kHz Continuous Throughput Rate 
• No Offset or Gain Adjustments Necessary 
• Internal Track and Hold Amplifier 
• Analog and Reference Inputs Fully Buffered 
• ,...PCompatible Byte Organized Outputs 
• Low Power Consumption (150 mW) 
• Uses a Single 2.5V Reference for ± 2.5V Input Range 


APPLICATIONS 
• ,...PControlled Data Acquisition Systems 
·DSP 
-Avionics 
-Sonar 


• Process Control 
-Automotive 
Transducer Sensing 
-Industrial 


• Robotics 
• Digital Communications 
• Image Processing 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WAARANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHEA 
WARRANTIES. 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301673-002 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 1) 


Supply 
Voltage 
V+ 
to Gnd (DG/AG/GND) 
-0.3V 
< V+ 
< +5.7V 
V- 
to Gnd (DG/ AG/GND) 
-5.7V 
< V- 
< + 0.3V 
Analog 
Input Pins 
V- 
- 
0.3V < VINA < V+ 
+ 0.3V 
Digital I/O Pins 
DG - 
0.3V < Vila 
< V+ 
+0.3V 
Power Dissipation 
(Note 2) .' 
<500 
mW 
Derate 
above 
75'C 
at -10 
mW/'C 
Operating 
Temperature 
Range 
HI3-7151X'5 
0·Cto 
+75'C 
HI3-7151X-9 
-40·Cto 
+85'C 


Storage 
Temperature 
Range 
- 65'C 
to + 150'C 
Lead Temperature 
(Soldering, 
10 see) 
300·C 


NOTE: Stresses above 
those listed under "Absolute Maximum Ratings" 


may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peri. 


ods may affect device retiability. 


NOTE 1: Input Yoltages 
may exceed 
the supply voltage 
provided 
the input current is limited to ± 1 mA. 


2: Dissipation 
rating assumes 
device 
is mounted 
with all leads soldered 
to printed circuit board. 


ELECTRICAL 
CHARACTERISTICS 
(Note 4) 
ACCURACY 
V+ = +5V. 
V- 
= -5V, 
VREF = 2.50V, fclk = 300 kHz, 50.0/0duty cycle 


Symbol 
Parameter 
Temperatare. 
J,AGrade 
K, BGrade 
Units 
(Note 3) 
Min 
Typ 
Max 
Min 
Typ 
Max 


RES 
Resolution 
(Note 5) 
TA = +25'C 
10 
10 
Bits 


(With no missing 
codes) 
TMIN S; TA S; TMAX 
10 
10 
Bits 


ILE 
Integral 
Linearity 
Error 
TA = +25'C 
±0.5 
±1.0 
±0.3 
±0.5 
LSB 


TMIN S; TA s; TMAX 
±0.75 
±1.0 
±0.5 
±0.75 
LSB 


DLE 
Differential 
Linearity 
TA = +25'C 
±1.0 
±0.5 
LSB 
Error 
TMIN s; TA s; TMAX 
±1.0 
±0.75 
LSB 


Vas 
Bipolar 
Offset 
Error 
TA = +25'C 
±1.0 
±2.5 
±0.6 
± 1.5 
LSB 


TMIN S; TA S; TMAX 
±1.5 
±3.0 
±1.0 
±2.0 
LSB 


eG+ 
& 
Unadjusted 
Gain Error 
TA = +25'C 
±1.0 
±2.5 
±Q..6 
±1.5 
LSB 
eG- 
TMIN s; TA s; TMAX 
±1.5 
±3.0 
±1.0 
±2.0 
LSB 


AG 
(ANALOG) 
(GROUND) 


V1N 


(ANALOG) 


(INPUT) 


y+ 
28 


If" 
2 


GND 
t 


DG 
t4 


(DIGITAL 
GROUND) 


HOLD 


RD 


ViR 
cs 


SWODE 


POWER 
SUPPLY 
DlSTRIBunON 


•i 
ELECTRICAL 
CHARACTERISTICS 
(Continued) 
DC CHARACTERISTICS 
v+ = SV, v- 
= 
-SV, 
VREF 
= 2.S0V, 
TA = 
+2S"C, 
fclk 
300 
kHz, 
SO% 
duty 
cycle, 
unless 
stated 
otherwise. 


Conditions 
+25"C 
O"Cto 
-40"Cto 


Symbol 
Parameter 
(Note 4) 


+7S"C 
+8S"C 
Units 
Note 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


ANALOG 
INPUT 


VIR 
Analog Input Range 
-VREF 
+VAEF 
-VREF 
+VREF 
-VREF 
+VREF 
V 


IBI 
Analog Input Bias Current 
V,N ~ OV 
0.01 
100 
100 
100 
nA 


CVI' 
Analog Input Capacitance 
8 
20 
pF 
5 


REFERENCE 
INPUT 


VRR 
Reference 
Input Range 
2.2 
2.5 
2.6 
2.2 
2.6 
2.2 
2.6 
V 
6 


IBR 
Reference 
Input 
VREF ~ 2.50V 
0.01 
100 
100 
100 
nA 


Bias Current 


CVr 
Reference 
Input 
7 
20 
pF 
5 


Capacitance 


RACK AND HOLD 
(See 
text) 


SR 
Slew Rate 
9 
V/".s 


BW 
Bandwidth 
1.5 
MHz 


Aperture Time 
30 
ns 


Aperture Uncertainty 
2 
ns 


Feedthrough 
in HOLD 
F'N ~ 100kHz 
-80 
dB 


Acquisition Time 
1.5 
".s 


LOGIC INPUTS 


V,H 
Input High Voltage 
2.0 
2.0 
2.0 
V 


V,L 
Input Low Voltage 
0.8 
0.8 
0.8 
V 


I'L 
Logic Input Current 
V,N ~ OV.V+ 
0.05 
1 
1 
1 
".A 
C,N 
Input Capacitance 
5 
17 
pF 
5 


LOGIC OUTPUTS 


VOH 
Output High Voltage 
'OH ~ 
-200".A 
2.4 
2.4 
2.4 
V 


VOL 
Output Low Voltage 
'OL ~ 1.6mA 
0.4 
0.4 
0.4 
V 


'OL 
Output leakage 
Current 
RO ~ V+, Your 
~ V+ 
0.04 
1 
10 
10 
".A 


RO ~ V+, Vour 
~ OV 
-1 
-0.01 
-10 
-10 
".A 


Cour 
Output Capacitance 
High-Z State 
7 
15 
pF 
5 


POWER SUPPLY VOLTAGE 
RANGE 


V+ 
Functional Operation 
4.5 
5.0 
5.5 
4.5 
5.5 
4.5 
5.5 
V 
7 
V- 
Only 
-4.5 
-5.0 
-5.5 
-4.5 
-5.5 
-4.5 
-5.5 
V 
7 


POWER SUPPLY REJECTION 


eGVS 
V + • V - Gain Coefficient 
V+ '= 5V, V- 
~ 
-4.75V, 
-5.25V 
±0.1 
±O.5 
±0.6 
±0.6 
LSB 
V- 
~ 
-5V, 
V+ 
~ 4.75V, 5.25V 
±0.1 
±0.5 
±O.6 
±0.6 


VOSVS 
V + • V - Offset Coefficient 
V+ 
~ 5V, V- 
~ 
-4.75V, 
-5.25V 
±0.1 
±0.5 
±0.6 
±0.6 
LSB 
V- 
~ 
-5V, 
V+ 
~ 4.75V, 5.25V 
±0.1 
±0.5 
±0.6 
±0.6 


SUPPLY CURRENTS 


1+ 
V + Supply Current 
V+ 
= 5V ±10%, 
20 
30 
30 
30 
mA 
V- 
- 
-5V 
±10% 
I- 
V - Supply Current 
VIN = OV, Digital 
-10 
-15 
-15 
-15 
mA 


IGNO 
GNDCurrent 
Outputs are Unloaded 
-8 
-15 
-15 
-15 
mA 


lOG 
DG Current 
-2 
-3 
-3 
-3 
mA 


lAG 
AGCurrent 
0.02 
10 
10 
10 
".A 


NOTE 4: FSR (Full Scale Range) 
~ 2 X VREF (5.00V at VREF ~ 2.50V). LSB (Least Significant 
Bit) ~ 
FSR/1024 
(4.88 mV at VAEF ~ 2.50V). 


5: Parameter 
not tested. Parameter guaranteed 
by design, simulation, or characterization. 


6: Only Vos and GAIN ERROR functionality 
tested at 2.2V and 2.6V. 


7: Guaranteed 
by functionality 
test. 


-ELECTRICAL 
CHARACTERISTICS 
(Continued) 
AC CHARACTERISTICS 


V+ 
= 
5V 
±10%, 
V- 
= 
-5V 
±10%, 
VREF 
= 
2,50V, 
TA = + 25°C. 
fclk 
= 
300 
kHz, 
50% 
duty 
cycle, 


CL 
= 100 pF (including 
stray 
for 
00-09. 
OVR, 
HOLD, 
BUSY), 
unless 
stated 
otherwise 


Conditions 
+ 25°C 
O°C to 
-40°C 
10 
Symbol 
Parameter 
(Note 11) 
+ 75°C 
+ 85°C 
Units 
Notes 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


D 
Clock Input Duty Cycle 
45 
50 
55 
45 
55 
45 
55 
% 
5 


tsps 
Continuous 
Converston 
31ck 
3tck 
3tck 
,.s 
9 


Time 
60 
10 
60 
10 
60 
10 
,.s 
9 


tconv 
Slow Memory Mode 
41ck + 0.9 
41ck + 0.9 
4tck + 0.9 
,.s 
5,8 


Conversion 
Time 


teyc 
Continuous Throughput 
fclk/3 
fclk/3 
fclk/3/3 
sps 
9 


tck 
CLOCK Period 
l/fclk 


tckhr 
CLOCK to HQ[5 
Rise 
150 
290 
500 
140 
525 
120 
525 
ns 
5 


Delay 


lwrl 
WR Pulse Width 
200 
113 
Ick/2 
225 
Ick/2 
225 
tck/2 
ns 
5,8,10 


thold 
WR 10HQ[5 
Delay 
80 
170 
200 
200 
ns 
5,8 


tbd 
BUSY 10 DATA 
40 
200 
230 
230 
ns 
5,8 


lwrd 
WR to RD Active 
100 
100 
100 
ns 
5,8 


tckhf 
CLOCK to HQ[5 
Fall 
50 
125 
250 
40 
275 
25 
275 
ns 
5,9 


Delay 


tdata 
HQ[5 
to DATA change 
100 
200 
400 
90 
550 
70 
550 
ns 
5,9 


Ird 
RD LO 10Active 
75 
150 
190 
190 
ns 
5,13 


trx 
AD HI to Inactive 
25 
60 
80 
80 
ns 
5,14 


tad 
HBElo 
DATA 
70 
150 
165 
165 
ns 
5 


tcd 
CSloDATA 
95 
180 
210 
210 
ns 
5 


tbusy 
RDtoBOSY 
35 
200 
200 
200 
ns 
5 


tr 
Rise Time 
50 
100 
125 
125 
ns 
5,12 


If 
Fall Time 
45 
100 
120 
120 
ns 
5,12 • 


NOTE 
8: Slow memory mode timing. 
9: Fast memory or OMA mode of operation, 
except the first conversion 
which is equal to tconv. 


10: Maximum 
specification 
to prevent 
multiple triggering 
with WR. 


11: All input drive signals are specified with tr = tf :S:20 os and shall swing from Vil -OAV 
to VIH + OAV for all timing specifications. 
A signal is considered 
to change 
state as it crosses a 1.4V threshold 
(except trd & trx). 


12: tr and tf load is CL = 100 pF (including stray capacitance) 
to DG and is measured 
from the 10-90% 
point. 


13: trd is the time required for the data output level to change 
by 10% in response 
to AD crossing a voltage 
level of 1.4V. High-Z to VOH is measured 
with 
Rl = 2.5 kfi and CL = 100 pF (including stray) to DG. High-Z to VOL is measured 
with RL = 2.5 kfi to V+ 
and Cl = 100 pF (including stray) to DG. 


14: trx is the time required for the data output level to change by 10% in response 
to RD crossing a voltage level of 1.4V. VOH to High-Z is measured 
with RL 


= 2.5 kfi and CL = 10 pF (including stray) to DG. VOL to High-Z 
is measured 
with Al = 2.5 kfi to V+ 
and Cl = 10 pF (inclUding stray) to DG. 


.•. 
II).•. 
••••i! 
TIMING 
DIAGRAMS 


SIlODE = v+, 
BUS = v+, 
HBE = V+ OR OG 
o 


tWrd 
::l 


tbusy 
i 
--------~ 
r 


tbd 


'----------- 
l 
>- 
---------------~ 
N DATA 
-------------- 


tconv 
.1 


("'~~ 
~~ 
___________ ~r~--_--:_oo_.- 


High -" 
N 
"--- 
Low 
High -" 
N+ 1 
"--- 
Low 
Byto 
DATA 
By to 
By to 
DATA 
By to 
---------------~------~ 
..- 


TRACKN 
\ 
HOLDN ! 
\ 
HOLDN+l! 
\HOlDN+2r- 


INTE~~~~ 
X 
N_-_, 
_DA_T_A 
X 
N_D_AT_A 
X 
N+' DATA 


DO-D9'D~~: 
X 
N_-_, 
_DA_T_A 
X 
N_D_AT_A 
X 
N+' DATA 
• 


Pin 
Name 
Description 


1 
GNO 
Ground 
return for comparators 
(OV) 


2 
V- 
Negative 
supply voltage 
input ( - 5.0V) 


3 
VREF 
Reference 
voltage 
input (+ 2.50V) 


4 
AG 
Analog 
ground 
reference 
(OV) 


5 
VIN 
Analog 
input voltage 


6 
SET 
Connect 
to V+ 
for proper operation. 


7 
BUSY 
Output 
High-Conversion 
complete 


Output 
Low-Conversion 
in progress. 


Output floats when chip is not 
selected 
(RO and CS both high). 


8 
CLK 
Clock input 


9 
HOLO 
Indicates 
start of conversion. 
Active 
low. 


10 
WR 
Write input. With CS low, starts 
conversion 
when pulsed 
low; 


continuous 
conversions 
when kept 
low. 


11 
CS 
Chip select 
input. Active 
low. 


12 
RO 
Read input. With CS low, enables 
output 
buffers when pulsed 
low; 


outputs 
updated 
at end of conversion 
when kept low. 


13 
SMOOE 
Slow memory 
mode input. Active 
high. 


14 
OG 
Oigital ground 
(OV) 


DETAILED 
DESCRIPTION 


The HI-7151 
is a high speed 
10-bit AlO 
converter 
which 
achieves 
throughput 
rates of 100 kHz by use of a Two Step 
Flash 
algorithm. 
A pipelined 
operation 
has been 
achieved 
through 
the use of switched 
capacitor 
techniques 
which 
al- 
low the device 
to sample 
a new input voltage 
while 
a con- 
version 
is taking 
place. The HI-7151 
requires 
a single refer- 
ence input of + 2.5V, which 
is internally 
inverted 
to -2.5V, 
thereby 
allowing 
an input range of - 2.5V to + 2.5V. 10 bits 
including 
sign are two's 
complement 
coded. The analog 
and 
reference 
inputs 
are 
'internally 
buffered 
by 
high 
speed 
CMOS 
buffers, 
which 
greatly, simplifies 
the external 
analog 
drive requirements 
for the device. 


Pin 
Name 
Description 


15 
BUS 
Bus select 
input 


High = all outputs 
enabled 
together 
00-09,OVR 


Low = outputs 
enabled 
by HBE 


16 
HBE 
Byte select 
(HBE/LBE) 
input for 8-bit 
bus. 


Input high-High 
byte select, 
08-09, 


OVR 


Input low-Low 
byte select, 
00-07 


17 
00 
Bit 0 (Least significant, 
LSB) 


18 
01 
Bit 1 


19 
02 
Bit2 


20 
03 
Bit3 
Output 
Low 


21 
04 
Bit4 
Oata 
Byte 
Bits 
22 
05 
Bit5 
(High = True) 


23 
06 
Bit6 


24 
07 
Bit7 
- 
25 
08 
Bit 8 (Most significant) 


26 
09 
Bit9 
(Sign) 
High 


27 
OVR 
Out of Range flag. Valid at end 
Byte 


of conversion 
when output 
exceeds 
full-scale. 


28 
V+ 
Positive 
supply voltage 
input (+ 5.0V) 


(-VREF) 


(AG) 


BUS 


HBE 


9 
HOLD 


iW 
CONTROL 
Wi! 
lOGIC 
CS 


SlotODE 


ClK 
8 
SET 
6 • 


y+ 


'V 


GND 


DG 


(DIGIT 


28 
POWER 
: 
2 
SUPPLY 


.1 
DISTRIBUTION 


14 
Al 
GROUND 


AID 
SECTION 


The HI-7151 
uses a conversion 
algorithm 
which 
is gener- 
ally called 
a "Two 
Step Flash" 
algorithm. 
This algorithm 
en- 
ables 
very fast conversion 
rates without 
the penalty 
of high 
power 
dissipation 
or high 
cost. 
A detailed 
functional 
dia- 
gram is presented 
in Figure 4. 


The input voltage 
is first converted 
into a 5-bit result (plus 
Out of Range 
information) 
by the flash converter. 
This flash 
converter 
consists 
of an array of 33 auto-zeroed 
compara- 


tors which 
perform 
a comparison 
between 
the input voltage 
and 
subdivisions 
of the 
reference 
voltage. 
These 
subdivi- 
sions 
of the 
reference 
voltage 
are formed 
by forcing 
the 


reference 
voltage 
and 
its negative 
on the 
two 
ends 
of a 
string of 32 resistors. 


The reference 
input to the HI-7151 
is buffered 
by a high 
speed CMOS amplifier 
which 
is used to drive one end of the 
resistor 
string. 
Another 
high speed 
amplifier 
configured 
in 


the inverting 
unity gain mode 
inverts 
the reference 
voltage 
with respect 
to analog 
ground 
and forces 
it onto 
the other 
end of the resistor 
string. 
Both reference 
amphflers 
are off- 
set trimmed 
at the factory 
in order to increase 
the accuracy 
of the HI-7151 
and to simplify 
its usage. 


The 5-bit result of the first flash conversion 
is latched 
into 
the upper five bits of double 
buffered 
latches. 
It is also con- 
verted 
back 
into 
an analog 
signal 
by choosing 
the 
ladder 
voltage 
which 
is closest 
to but less than the input voltage. 


The 
selected 
voltage 
(VT AP) is then 
subtracted 
from 
the 
input voltage. 
This residue 
is amplified 
by a factor 
of 32 and 
referenced 
to the negative 
reference 
voltage 
(VSCA = (VIN 


- 
VTAP) 
x 
32 + VREF-). 
This subtraction 
and amplifi~~- 
tion operation 
is peformed 
by a Switched 
Capacitor 
Amphfl- 
er (SCA). The output 
of the SCA falls between 
the posit!ve 
and negative 
reference 
voltages 
and can therefore 
be digi- 
tized by the original 
5-bit flash converter 
(second 
flash con- 
version). 


T CONVERSION 


CLOCK --.J 
1__ 
2__ 


COIlPARATOR 
AUTO-ZERO 
(AZ) 


CONVERT 
UPPER 
5 BITS 


SCA 
AUTO-ZERO 
(SCAZ) 


T+ 1 CONVERSION 
",,---I 
L 


CONVERT 
LOWER 
5 BITS 
SAIlPLE L 
V1n(T+1} 


INTERNAL 
----.J 
DATA 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
--, 
VineT) DATA 
10 BITS + OVR 


The 5-bit result of the second flash conversion 
is latched 
into the lower five bits of double 
buffered 
latches. 
At the 
end of a conversion, 
10 bits of data plus an Out of Range bit 
are latched into the second level of latches and can then be 
put on the digital output pins. 


The conversion 
takes place in three clock cycles 
and is 
illustrated 
in Figure 
5. When 
the 
conversion 
begins, 
the 
track 
and hold goes into its hold mode for 1 clock 
cycle. 


During the first half clock cycle the comparator 
array is in its 
auto-zero 
mode and it samples the input voltage. 
During the 
second 
half clock cycle, the comparators 
make a compari- 
son between 
the input voltage 
and the ladder voltages. 
At 
the beginning 
of the third 
half clock 
cycle, 
the first 
most 
significant 
5-bit 
result 
becomes 
available. 
During 
the first 
clock cycle, the SCA was sampling 
the input voltage. 
After 
the first 
flash 
result 
becomes 
available 
and a ladder 
tap 
voltage 
has been 
selected 
the SCA amplifies 
the residue 
between 
the input and ladder tap voltages. 
During the next 


three half clock cycles, while the SCA output is settling to its 
required 
accuracy, 
the comparators 
go into their auto-zero 
mode and sample 
this voltage. 
During the sixth half clock 
cycle, the comparators 
perform another 
comparison 
whose 
5-bit result becomes 
available 
on the next clock edge. 


TRACK AND HOLD ANALOG 
INPUT 


A Track and Hold amplifier 
has been fully integrated 
on 
the front end of the AID converter. 
Because of the sampling 
nature of this AID 
converter, 
the input is required 
to stay 
constant 
only 
during 
the first 
clock 
cycle. 
Therefore, 
the 
Track 
and Hold (TIH) 
amplifier 
"holds" 
the input voltage 
only during the first clock 
cycle 
and it acquires 
the input 
voltage 
for the next conversion 
during 
the remaining 
two 
clock 
cycles. 
The high input impedance 
of the TIH 
input 
amplifier 
simplifies 
analog 
interfacing. 
Input 
signals 
up to 
± VREF can be directly connected 
to the AID without buffer- 
ing. The AID 
output code table is shown in Table 2. 


Analog 
Input 
Output 
Data 


LSB = 2 (VREF)/l024 
VREF = 2.500V 
OVR 
SIGN 
MSB 
LSB 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


2 +VREF 
2.500VtoV+ 
(+OVR) 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


+VREF 
- 
llSB 
2.49512V 
(+ FUll 
SCALE) 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 


+llSB 
O.OO488V 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
O.OOOV 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-llSB 
-O.OO488V 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


-VREF 
-2.500V 
(-FUll 
SCALE) 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


,;; -VREF 
- 
llSB 
- 2.50488V to V- 
(-OVR) 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


The timing 
signals 
for the Track 
and 
Hold 
amplifier 
are 
generated 
internally, 
and 
are 
also 
provided 
externally 
(HOLD) 
for 
synchronization 
purposes. 
The 
T IH 
amplifier 
consists 
of two high speed CMOS amplifiers 
and an internal 
hold 
capacitor. 
Its 
typical 
slew 
rate 
and 
bandwidth 
are 
9V IJ.Lsand 
1.5 MHz respectively. 
It is configured 
to give a 
very small hold pedestal 
without 
the use of an external 
hold 
capacitor. 
The hold pedestal 
is typically 
less than 
100 J.LV. 


Acquisition 
of the analog 
input signal 
is the time required 
by the 
TIH 
for 
its output 
to reach 
its final 
value 
within 
a 
specified 
error band. This time is a function 
of the logic de- 
lay time, op amp slewing 
time, and settling 
time. The T IH 
is 
in the 
track 
mode 
for 
2 clock 
cycles 
(6.7 
J.Ls @ ClK 
= 


300 kHz) but the output 
typically 
settles 
to within '14 lSB 
in 
1.5 J.Ls. 


Aperture 
delay 
time 
is the 
time 
required 
for 
the 
T IH 
switch 
to open following 
the internal 
hold command. 
This is 
the delay v.:ith respect 
to falling edge of WR and the internal 
hold command. 
It is equal to Thold 
(typ) - 
50 ns (typ) which 
is typically 
30 ns. 


Aperture 
uncertainty 
Gitter) is a range 
of variation 
in the 
aperture 
time. The greater 
the aperture 
time the larger 
the 
uncertainty 
in the analog 
voltage 
being converted. 
If the ap- 


erture 
time 
is nulled 
out by advancing 
the 
hold 
command 
(WR) or the signal 
is repetitively 
sampled, 
aperture 
uncer- 
tainty becomes 
the major source 
of time error. The aperture 
uncertainty 
for the TIH 
is typically 
2 ns which 
sets the maxi- 
mum input bandwidth 
to 77.7 kHz for 1 lSB 
resolution. 


fmax 
= 1/(27T 
X 2" 
x 
tal 


where 
n 
= resolution 
in bits 


ta 
= aperture 
uncertainty 


All of the internal 
amplifiers 
are offset 
trimmed 
at the fac- 


tory to give improved 
accuracy 
and to minimize 
the number 
of external 
components. 
If necessary, 
offset 
error 
can 
be 


adjusted 
either 
at an external 
interface 
buffer 
or by using 
digital 
post correction. 


REFERENCE INPUT 


The reference 
input to the HI-7151 
is buffered 
by a high 
speed CMOS amplifier. 
The reference 
input range is 2.2V to 
2.6V. 


POWER REQUIREMENTS 


Power to the chip should 
be applied 
in the following 
order: 
V-, 
V+, 
and VREF. In applications 
where 
V+ 
is supplied 
prior to V-, 
the positive 
supply current 
will be approximately 
2 times 
its nominal 
value 
until V- 
is applied 
(this is not a 
latchup 
condition). 


INITIALIZATION 


In fast 
memory 
and 
DMA 
modes 
(after 
proper 
power, 


VREF, and clock) 
up to 6 clock 
cycles 
are required 
for circuit 
initialization. 
After circuit initialization, 
valid data will be avail- 
able in 3 clock 
cycles. 


MICROPROCESSOR 
INTERFACE 


The 
HI-7151 
can 
be 
interfaced 
to 
microprocessors 
through 
the use of standard 
Write, 
Read, 
Chip Select, 
and 
HBE control 
pins. The digital outputs 
are two's 
complement 
coded, 
three-state 
gated, 
and byte organized 
for bus inter- 
face with B- and 16-bit systems. 
The digital outputs 
(DO-D9, 


OVR, 
and BUSy) 
may be accessed 
under 
control 
of BUS, 


byte 
enable 
input 
HBE, 
chip 
select, 
and 
read 
inputs 
for a 
simple 
parallel 
bus interface. 
The microprocessor 
can read 
the current 
data in the output 
latches 
in typically 
75 ns/byte 
(trd). An over range 
pin (OVR) together 
with the MSB (D9) 
pin set to either 
a logic 
0 or 1 will 
indicate 
a positive 
or 


negative 
over-range 
condition 
respectively. 
All digital output 
buffers 
are capable 
of driving 
one TIl 
load. 


The HI-7151 
can be interfaced 
to a microprocessor 
using 
one of three 
modes: 
slow memory, 
fast memory, 
and DMA 
mode. 


SLOW MEMORY MODE 


In slow memory 
mode, 
the conversion 
will be initiated 
by 


the microprocessor 
by selecting 
the chip 
(CS) and pulsing 
WR low. This mode 
is selected 
by hardwiring 
the SMODE 
pin to V + . This mode 
is intended 
for use with microproces- 


sors 
(such 
as the BOB6) which 
can be forced 
into a WAIT 
state. 
For example, 
in a configuration 
where 
the BUSY out- 


put is tied to the BOB6 READY 
input, an attempt 
to read the 
data before 
the conversion 
is complete 
will force 
the proc- 


essor into a WAIT state until BUSY goes high, at which time 
the data at the output 
is valid. This resembles 
a 10 J.Lsac- 


cess time RAM. 
It allows 
the processor 
to initiate 
a conver- 


sion, WAIT, and READ data with a single 
READ instruction. 


When the B-bit bus operation 
is selected, 
high and low byte 


data may be accessed 
in either 
order. 
An 1/0 truth table 
is 
presented 
in Table 
3 for the slow memory 
mode 
of opera- 


tion. 
• 


CS 
WR 
RD 
BUS 
HBE 
Function 


0 
0 
X 
X 
X 
Initiates 
a conversion 


1 
X 
X 
X 
X 
Disables 
all chip commands 
0 
X 
0 
1 
X 
DO-D9 
& OVR enabled 
0 
X 
0 
0 
0 
Low byte enabled: 
DO-D7 
0 
X 
0 
0 
1 
High byte enabled: 
D8-D9, 
OVR 


X 
X 
1 
X 
X 
Disables 
all outputs 
(High impedance) 


FAST MEMORY MODE 


The fast memory 
mode 
of operation 
is selected 
by tying 
the 
SMODE 
and 
WR 
pins 
to DG. 
In this 
mode, 
the 
chip 
performs 
continuous 
conversions 
and only CS and RD are 
required 
to read the data. Whenever 
the SMODE 
pin is low, 


WR 
is independent 
of CS in starting 
a conversion 
cycle. 


During 
the first conversion 
cycle, 
HOLD 
follows 
WR going 
low. 


Data can be read a byte at a time or all 11 bits at once. 


The 
internal 
logic 
disables 
the 
output 
latches 
from 
being 
updated 
during 
a 
read 
after 
the 
high 
byte 
data 
is 


accessed. 
It will continue 
to be disabled 
until after the low 
byte 
data 
is accessed. 
THEREFORE, 
WHEN 
8-BIT 
BUS 
OPERATION 
IS SELECTED, 
THE 
DATA 
MUST 
BE AC- 
CESSED 
HIGH BYTE 
FIRST, 
LOW BYTE 
NEXT. 
If the low 
byte is accessed 
first followed 
by high byte, the results 
from 
the next conversion 
cycle 
will be lost because 
the updating 
of the 
output 
latch 
is disabled. 
BUSY 
is continuously 
low 
when 
accessed 
with a read command 
in this mode. 
An 1/0 
truth table is presented 
in Table 4 for the fast memory 
mode 
of operation. 


The data can be defined 
in time by monitoring 
the HOLD 
pin. The conversion 
data can be read after HOLD 
has gone 
low. 


CS 
WR 
RD 
BUS 
HBE 
Function 


X 
0 
X 
X 
X 
Continuous 
conversion, 
WR may be tied to DG 


1 
X 
X 
X 
X 
Disables 
only the RD command 
0 
X 
0 
1 
X 
DO-D9 
& OVR enabled 
0 
X 
0 
0 
1 
High byte enabled: 
D8-D9, 
OVR (enable 
1st) 
0 
X 
0 
0 
0 
Low byte enabled: 
DO-D7 
(must enable 2nd) 


X 
X 
1 
X 
X 
Disables 
all outputs 
(High impedance) 


DMA MODE 


This 
mode 
is 
a 
complete 
hardwire 
mode 
where 
the 
HI-7151 
continuously 
converts. 
The user implements 
hard- 
ware 
to store 
the results 
in memory, 
bypassing 
the 
micro- 
processor. 
This 
mode 
is 
reco~e~ 
bLlhe 
chip 
when 
SMODE 
is hardwired 
to V+ 
and CS, RD, WR are hardwired 
to DG. When 
8·bit bus operation 
is selected, 
high and low 
byte data may be accessed 
in either order. BUSY is continu- 
ously 
low 
when 
accessed 
with 
a read 
command 
in this 
mode. 
An 
1/0 
truth 
table 
is presented 
in Table 
5 for the 
DMA mode of operatiorr. 


Table 5: DMA Mode 1/0 Truth Table 
(SMODE = V+,CS 
= WR 
= RD = DG) 


BUS 
HBE 
Function 


1 
X 
DO-D9 
& OVR enabled 
0 
0 
Low byte enabled: 
DO-D7 
0 
1 
High byte enabled: 
D8-D9, 
OVR 


GND 


V" 


VREF 


AG 
------VIN 


SET 


BUSY 


elK 


HOLD 


VIR 


CS 


iID 


St.lODE 


DC 


OPTIMIZING 
SYSTEM PERFORMANCE. 


The 
HI-7151 
has three 
ground 
pins 
(AG, OG, GNO) 
for 
improved 
system 
accuracy. 
Proper 
grounding 
and bypass- 
ing is illustrated 
in Figure 6. The AG pin is a ground 
pin that 
does not carry any current 
and is used internally.as 
a refer: 


ence 
ground. 
The reference 
input and analog 
input should 
be referenced 
to the 
analog 
ground 
(AG) 
pin. The 
digital 
Inputs 
and 
outputs 
should 
be 
referenced 
to 
the 
digital 
ground 
(OG) pin. The GNO pin is a return 
point for the supc 


ply current 
of the comparator 
array. The comparator 
array is 
designed 
such that this current 
is approximately 
constant 
at 
all times 
and does 
not vary with input voltage. 
By virtue.of 
the switched 
capacitor 
nature 
of the comparators, 
it is nec- 
essary 
to hold GNO firmly 
at zero volts 
at all times. 
There- 
fore, the system 
ground 
star connection 
should 
be located_ 


as c1ose.to this pin as possible. 


As in any analog 
system, 
good 
supply 
bypassing 
is nec- 
essary 
in order 
to 
achieve 
optimum· 
system 
performance 


(minimize 
conversion 
errors). 
The power 
supplies 
should 
be 
bypassed 
with at least a 20 /LF tantalum 
and 0.1 /LF ceram- 


IC capacItors 
to GNO. 
The 
reference 
input 
should 
be by- 
passed 
with a 0.1 /LF ceramic 
capacitor 
to AG. The capaci- 


tor leads should 
be as short 
as possible. 


The pins on the HI-7151 
are arranged 
such that the-ana- 


log pins are well isolated 
from the digital pins. In spite of this 


arrangement, 
there 
is always 
pin to pill coupling. 
Therefore 
• 
the analog 
inputs 
to the device 
should 
not be driven 
from 
very 
high 
output 
impedance 
sources. 
PC 
board 
layout 
should 
screen 
the analog 
and reference 
inputs with AG. Us- 
ing a soldier 
mask 
is good 
practice 
and helps 
reduce 
leak- 
age due to moisture 
contamination 
on the PC board. 


APPLICATIONS 


Typical 
applications 
are illustrated 
in Figures 
7 through 
9 
for the slow memory, 
fast memory, 
and OMA modes 
of op- 
eration. 
The output 
data is configured 
for 16-bit bus opera- 
tion for these 
three 
applications. 
By tying 
BUS to OG and 
connecting 
the HBE input to the system 
address 
decoder, 
the output 
data can be configured 
for 8-bit bus systems. 


Figure 
10 illustrates 
an application 
where 
the 
HI-7151 
is 
used 
with 
an 
analog 
multiplexer 
to 
form 
a multi-channel 
data acquisition 
system. 
Either slow memory 
or fast memory 
modes 
of operation 
can 
be selected. 
Fast 
memory 
mode 
should 
be 
selected 
for 
maximum 
throughput. 
Multiplexer 
channel 
acquisition 
should 
occur approximately 
500 ns after 
HOLD goes high. This allows 
2 clocks 
minus 0.5 /Ls for the 
input 
to settle. 
With 
a 300 
kHz clock 
the 
input 
has up to 
6.2 /Ls to settle. 
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An intelligent 
system 
which 
performs 
a scale 
factor 
ad- 
justment 
under 
software 
control 
with the addition 
of a pro- 


grammable 
gain block between 
the multiplexer 
and HI-7151 
is illustrated 
in Figure 
11. The microprocessor 
first performs 
a conversion 
and then checks 
the over-range 
status 
(oVR) 
bit. If the oVR 
bit is high, the microprocessor 
addresses 
a 
precision 
gain circuit 
for scale 
factor 
adjustment 
and 
initi- 
ates 
another 
conversion. 
The 
microprocessor 
must 
keep 
track 
of the selected 
scale factor. 


The accuracy 
of the programmable 
gain amplifier 
should 
be better than 0.05%. 
For optimum 
system 
performance, 
op 
amp frequency 
response, 
settling 
time, and charge 
injection 
of the analog 
switch 
must be considered. 


Figure 
12 illustrates 
the HI-7151 
interfaced 
to FIFO mem- 
ories for use in DMA applications. 
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Figure 11: Multi-Channel Data Acquisition System 
with Programmable Gain 
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HARRIS 
SEMICONDUCTOR 
HI·7152 
10-Bit High Speed AID Converter 
with Track 
& Hold 


GENERAL DESCRIPTION 


The Harris 
HI-7152 
is a high speed 
10-bit AID 
converter 
which 
uses a Two Step Flash algorithm 
to achieve 
through- 
put rates of 200 kHz. A unique switched 
capacitor 
technique 
allows 
a new input voltage 
to be sampled 
while 
a conver- 
sion is taking 
place. 


A Track 
and Hold amplifier 
is included 
on the chip, 
con- 
sisting 
of two 
high 
speed 
amplifiers 
and 
an internal 
hold 
capacitor. 
_ 


Microprocessor 
bus interfacing 
is simplified 
by the use of 
standard 
Chip Select, 
Read, and Write 
control 
signals. 
The 
digital three-state 
outputs 
are byte organized 
for interfacing 
to either 
B- or 16-bit systems. 
An Over-Range 
pin, together 
with the MSB, can be used to indicate 
an out-of-range 
con- 
dition. 


The HI-7152 
operates 
with ± 5V supplies. 
A single 
+ 2.5V 


reference 
is required 
tei provide 
a bipolar 
input range 
from 


-2.5V 
to +2.5V. 


Internal 
high speed 
CMOS 
buffers 
at both the analog 
and 
reference 
inputs 
simplifies 
external 
drive requirements. 
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FEATURES 


• 5 fLs Conversion 
Time 


• 200 KHz Continuous 
Throughput 
Rate 


• No Offset 
or Gain Adjustments 
Necessary 


• Internal 
Track 
and Hold Amplifier 


• Analog 
and Reference 
Inputs 
Fully Buffered 


• fLP Compatible 
Byte Organized 
Outputs 


• Low Power 
Consumption 
(150 mW) 


• Uses a Single 
2.5V Reference 
for ± 2.5V Input 
Range 


APPLICATIONS 


• fLP Controlled 
Data Acquisition 
Systems 


• DSP 
-Avionics 
-Sonar 


• Process 
Control 
-Automotive 
Transducer 
Sensing 
-Industrial 


• Robotics 


• Digital 
Communications 


• Image 
Processing 


ORDERING INFORMATION 
-- 


Part 
Linearity 
Temperature 


Number 
(Max. OLE} 
Range 
Packa9a 


HI3-7152J-5 
±1 LSB 
DOeto+75De 
28 Pin Plastic DIP 


HI3-7152K-5 
±1/2 
LSB 
DOe to +75De 
28 Pin Plastic DIP 


HI3-7152A-9 
±1 LSB 
oOe to+850e 
28 Pin Plastic DIP 


HI3-7152B-9 
±1/2 
LSB 
DOe to +850e 
28 Pin Plastic DIP 


HI1-7152S-2 
±1 LSB 
-55°C 
to + 125°C 
28 Pin Ceramic 
DIP 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WAAI~ANTIES OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301674-001 


('ol 
I/).•. 
•••••i 
ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 1) 


Supply 
Voltage 
v+ 
to GND (DG/AG/GND) 
-0.3V 
< v+ 
< +5.7V 
V-to 
GND (DG/AG/GND) 
-5.7V 
< v- 
< +0.3V 


Analog 
Input Pins 
V- 
- 
0.3V < VINA < V+ 
+ 0.3V 


Digital 1/0 Pins 
DG - 
0.3V < VI/O < V+ 
+ 0.3V 


Power Dissipation 
(Note 2) 
<500 mW 
derate 
above 
75'C 
at 10 mWI'C 


Operating 
Temperature 
Range 
HI3-7152X-5 
0'Cto 
+75'C 
HI3-7152X-9 
.................•...... 
-40'Cto 
+85'C 


Storage 
Temperature 
Range 
- 65'C to + 150'C 


Lead Temperature 
(soldering, 
10 see) 
300'C 


NOTE: Stresses above those {isted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other condiNons 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peri- 
ods may affect device reliability. 


NOTE 1: Input voltages 
may exceed 
the supply voltage 
proVided the input 


current 
is limited 
to ± 1 mA 
2: Dissipation rating assumes device is mounted with all leads sol· 
dered to printed circuit board. 


ELECTRICAL 
CHARACTERISTICS 
(Note 4) 
ACCURACY 
v+ 
= +5V, 
v- 
= -5V, 
VREF = 2.50V. fclk = 600 kHz, 50% duty cycle. 


Symbol 
Parameter 
Temperature 
J,AGrade 
K, BGrade 
Units 
(Note 3) 
Min 
Typ 
Max 
Min 
Typ 
Max 


RES 
Resolution 
(Note 5) 
TA = +25'C 
10 
10 
bits 


(with no missing 
codes) 
TMIN:;; 
TA:;; 
TMAX 
10 
10 
bits 


ILE 
Integral 
Linearity 
Error 
TA = +25'C 
±0.5 
±1.0 
±0.3 
±0.5 
LSB 


TMIN:;; 
TA:;; 
TMAX 
±0.75 
±1.0 
±0.5 
±0.75 
LSB 


DLE 
Differential 
Linearity 
TA = +25'C 
±1.0 
±0.5 
LSB 


Error 
TMIN:;; 
TA:;; 
TMAX 
± 1.0 
±0.75 
LSB 


Vos 
Bipolar Offset 
Error 
TA = +25'C 
±1.0 
±2.5 
±0.6 
±1.5 
LSB 


TMIN:;; 
TA:;; 
TMAX 
±1.5 
±3.0 
±1.0 
±2.0 
LSB 


eG+ 
and 
Unadjusted 
Gain Error 
TA = +25'C 
±1.0 
±2.5 
±0.6 
±1.5 
LSB 


eG- 
TMIN:;; 
TA:;; 
TMAX 
±1.5 
±3.0 
±1.0 
±2.0 
LSB 


NOTES 
3: 
See 
Ordering 
Information 
Table. 


4: FSR(FullScaleRange)~ 2 X VREF(5.00Vat VREF~ 2.50V).LSB(LeastSignificantBit) ~ FSR/1024(4.88mVat VREF~ 2.50V). 


5: 
Parameter 
not 
tested. 
Parameter 
guaranteed 
by design, 
simulation, 
or characterization. 


6: OnlyVos and GAINERRORfunctionalitytestedat 2.2Vand 2.6V. 


DC CHARACTERISTICS 
V+ 
= 5V, V- 
= 
-5V, 
VREF = 2.50V. TA = 
+25'C, 
fclk = 600 kHz, 50% 
duty cycle, 
unless 
stated 
otherwise. 


+25"C 
O"Cto 
-40"C 
to 
Conditions 
Symbol 
Parameter 
+ 75"C 
+85"C 
Units 
Note 
(Note 4) 
Min 
Typ 
Max 
Min 
Max 
Min 
Max 


ANALOG INPUT 


VIR 
Analog Input Range 
-VREF 
+VREF 
-VREF 
+VREF 
-VREF 
+VREF 
V 
IBI 
Analog Input Bias Current 
VIN = OV 
0.01 
100 
100 
100 
nA 


CVIN 
Analog Input Capacitance 
8 
20 
pF 
5 


REFERENCE INPUT 


VRR 
Reference Input Range 
2.2 
2.5 
2.6 
2.2 
2.6 
2.2 
2.6 
V 
6 
IBR 
Reference Input Bias Current 
VREF = 2.50V 
0.01 
100 
100 
100 
nA 
CVr 
Reference Input Capacitance 
7 
20 
pF 
5 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
DC CHARACTERISTICS 
(Continued) 
V+ 
= 5V, V- 
= 
-5V, 
VREF = 2.50V, TA = + 25'C, 
fclk 
= 600 kHz, 50% 
duty cycle, 
unless 
stated 
otherwise. 


O'Cto 
-40'Cto 
Conditions 
+ 25'C 
+ 75'C 
+ 85'C 
Symbol 
Parameter 
Units 
Note 
(Note 4) 
Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


TRACK AND HOLD (See text) 


SR 
Slew Rate 
9 
V/p.s 


BW 
Bandwidth 
1.5 
MHz 


Aperture Time 
30 
ns 


Aperture Uncertainty 
2 
ns 


Feedthrough in HOLD 
FIN = 100 kHz 
-80 
dB 


Acquisition Time 
1.5 
p.s 


LOGIC INPUTS 


VIH 
Input High Voltage 
2.0 
2.0 
2.0 
V 


VIL 
Input Low Voltage 
0.8 
0.8 
0.8 
V 


IlL 
Logic Input Current 
VIN ~ OV,V+ 
0.05 
1 
1 
1 
p.A 


CIN 
Input Capacitance 
5 
17 
pF 
5 


LOGIC OUTPUTS 


VOH 
Output High Voltage 
IOH = -200p.A 
2.4 
2.4 
2.4 
V 


VOL 
Output Low Voltage 
IOL ~ 1.6mA 
0.4 
0.4 
0.4 
V 


IOL 
Output Leakage Current 
RD ~ V+, 
0.04 
1 
10 
10 
p.A 


VOUT ~ V+ 
RD = V+, 
-1 
-0.01 
-10 
-10 
p.A 


VOUT ~ OV 


COUT 
Output Capacitance 
High-Z State 
7 
15 
pF 
5 


POWER SUPPLY VOLTAGE RANGE 


V+ 
Functional Operation 
4.5 
5.0 
5.5 
4.5 
5.5 
4.5 
5.5 
V 
7 
V- 
Only 
-4.5 
-5.0 
-5.5 
-4.5 
-5.5 
-4.5 
-5.5 
V 
7 


POWER SUPPLY REJECTION 


eGVS 
V+, V- Gain Coefficient 
V+ =5V, V- = -4.75V, 
-5.25V 
±0.1 
±0_5 
±0.6 
±0.6 
LSB 


V- = -5V, V+ =4.75V, 5.25V 
±0.1 
±0.5 
±0.6 
±0.6 


VOSVS 
V + , V - Offset Coefficient 
V+ = 5V, V- = -4.75V, 
-5.25V 
±0.1 
±0.5 
±0.6 
±0.6 
LSB 


V- = -5V, V+ =4.75V, 5.25V 
±0.1 
±0.5 
±0.6 
±0.6 


SUPPLY CURRENTS 


1+ 
V+ Supply Current 
V+ = 5V ±10%, 
20 
30 
30 
30 
mA 
I- 
V- Supply Current 
V- 
= -5V 
±10% 
-10 
-15 
-15 
-15 
mA 


IGND 
GNDCurrent 
VIN = OV,Digital 
-8 
-15 
-15 
-15 
mA 


lOG 
DG Current 
Outputs are Unloaded 
-2 
-3 
-3 
-3 
mA 


lAG 
AG Current 
0.02 
10 
10 
10 
p.A 


NOTES 4: FSR (Full SCale Range) 
~ 2 X VREF (5.DDV at VREF ~ 2.50V). LSB (Least Significant 
Bit) ~ FSR/1024 
(4.88 mV at VREF ~ 2.50V). 


5: Parameter 
not tested. Parameter guaranteed 
by design, simulation, 
or characterization. 


6: Only Vas and GAIN ERROR functionality 
tested at 2.2V and 2.6V. 


7: Guaranteed 
by functionality 
test. 


• 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
AC 
CHARACTERISTICS 
V + = 5V ± 10%, V - 
= - 5V ± 10%, VREF = 2.50V, TA = + 25°C, fclk = 600 kHz, 50% duty cycle, CL = 100 pF (including 
stray for 00-09, 
OVR, HOLD, 
BUSY), 
unless 
stated 
otherwise 


O"Cto 
-40"Cto 
Conditions 
+2SoC 
+7SoC 
+8SoC 
Symbol 
Parameter 
Units 
Note 
(Note 11) 
Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


D 
Clock Input Duty Cycle 
45 
50 
55 
45 
55 
45 
55 
% 
5 


tsps 
Continuous Conversion Time 
3tck 
3tck 
3tck 
/Ls 
9 


60 
5 
60 
5 
60 
5 
/Ls 
9 


tconv 
Slow Memory Mode 
4tck + 0.9 
4tck + 0.9 
41ck + 0.9 
5,8 
Conversion Time 
/Ls 


teyc 
Conlinuous Throughpul 
fclk/3 
fclk/3 
fclk/3 
sps 
9 


Ick 
CLOCK Period 
1/fclk 


Ickhr 
CLOCK 10HOLD Rise Delay 
150 
290 
500 
140 
525 
120 
525 
ns 
5 


twrl 
WR Pulse Widlh 
200 
113 
tck/2 
225 
Ick/2 
225 
Ick/2 
ns 
5,8,10 


Ihold 
WR 10HOLD Delay 
80 
170 
200 
200 
ns 
5,8 


tbd 
BUSY 10DATA 
40 
200 
230 
230 
ns 
5,8 


twrd 
WR 10RD AClive 
100 
100 
100 
ns 
5,8 


tckhf 
CLOCK 10HOLD Fall Delay 
50 
125 
250 
40 
275 
25 
275 
ns 
5,9 


tdala 
HOLD 10DATA Change 
100 
200 
400 
90 
550 
70 
550 
ns 
5,9 


Ird 
RD La 10Aclive 
75 
150 
190 
190 
ns 
5,13 


Irx 
RD HI 10Inactive 
25 
60 
80 
80 
ns 
5,14 


lad 
HBE 10DATA 
70 
150 
165 
165 
ns 
5 


led 
CStoDATA 
95 
180 
210 
210 
ns 
5 


Ibusy 
RD 10BUSY 
35 
200 
200 
200 
ns 
5 


Ir 
Rise Time 
50 
100 
125 
125 
ns 
5,12 


If 
Fall Time 
4S 
100 
120 
120 
ns 
5,12 


NOTES 
8: Slow memory mode timing. 


9: Fast memory or OMA mode of operation, 
except the first conversion 
which is equal to teony. 


10: Maximum specification 
to prevent multiple triggering with WR. 


11: All input drive signals are specified 
with tr = tf 
:s;: 20 os and shall swing from VIL - 
O.4V to VIH + OAV for all timing specifications. 
A signal is 
considered 
to change state as it crosses a 1.4V threshold 
(except Ird & Inc). 


12: Ir and tf load is Cl = 100 pF (including stray capacitance) 
to DG and is measured from the 10%-90% 
point. 


13: trd is the time required for the data output level to change by 10% in response to AD crossing a voltage level of 1.4V. High-Z to VOH is measured with 
Al = 2.5 kn and Cl = 100 pF (including stray) to DG. High-Z to VOL is measured with AL = 2.5 kn to V+ and Cl = 100 pF (including stray) to DG. 


14: trx is the time required for the data output level to change by 10% in response to AD crossing a voltage level of 1.4V. VOH to High-Z is measured with 
Al 
= 2.5 kfi and Cl 
= 10 pF (including stray) to 00. VOL to High-Z is measured with RL = 2.5 kO to V+ and CL = 10 pF (including stray) to 00. 
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NOTE: 
With SMODE 
= 00, 
Internal Logic Disables the Output Latches from Being Updated during a Read Operation. 


Figure 3B: Fast Memory 
Mode (8-Bit Data Bus) 
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Figure 3C: DMA Mode (16-Bit Data Bus) 


Pin 
Name 
Description 


1 
GNO 
Ground 
return for comparators 
(OV) 


2 
V- 
Negative 
supply voltage 
input (- 
5.0V) 


3 
VREF 
Reference 
voltage 
input (+ 2.50V) 


4 
AG 
Analog 
ground 
reference 
(OV) 


5 
VIN 
Analog 
input voltage 


6 
SET 
Connect 
to V+ 
for proper operation. 


7 
BUSY 
Output 
High-Conversion 
complete. 


Output 
Low-Conversion 
in progress. 


Output floats when chip is not 
selected 
(RO and CS both high). 


8 
CLK 
Clock input 


9 
HOLD 
Indicates 
start of conversion. 
Active 


low. 


10 
WR 
Write input. With CS low, starts 


conversion 
when pulsed 
low; 
continuous 
conversions 
when kept 
low. 


11 
CS 
Chip select 
input. Active 
low. 


12 
RO 
Read input. With CS low, enables 


output 
buffers 
when pulsed low; 


outputs 
updated 
at end of conversion 
when kept low. 


13 
SMOOE 
Slow memory 
mode input. Active 
high. 


14 
OG 
Digital ground 
(OV) 


DETAILED 
DESCRIPTION 


The HI-7152 
is a high speed 
10-bit AID 
converter 
which 
achieves 
throughput 
rates of 200 kHz by use of a Two Step 
Flash 
algorithm. 
A pipelined 
operation 
has been 
achieved 
through 
the use of switched 
capacitor 
techniques 
which 
al- 
low the device 
to sample 
a new input voltage 
while 
a con- 


version 
is taking 
place. The HI-7152 
requires 
a single 
refer- 
ence input of + 2.5V, which 
is internally 
inverted 
to - 2.5V, 


thereby 
allowing 
an input range of - 2.5V to + 2.5V. 10 bits 
including 
sign are two's complement 
coded. 
The analog 
and 
reference 
inputs 
are 
internally 
buffered 
by 
high 
speed 
CMOS 
buffers, 
which 
greatly 
simplifies 
the external 
analog 
drive requirements 
for the device. 


Pin 
Name 
Description 


15 
BUS 
Bus select 
input 


High = all outputs 
enabled 
together 
00-09,OVR 


Low = outputs 
enabled 
by HBE 


16 
HBE 
Byte select 
(HBE/LBE) 
input for 


8·bit bus. 


Input high-High 
byte select, 
08- 
09,OVR 


Input low-Low 
byte select, 
00-07 


17 
DO 
Bit 0 (Least significant, 
LSB) 


18 
01 
Bit 1 


19 
02 
Bit2 


20 
03 
Bit3 
Output 
Low 


21 
04 
Bit4 
Data 
Byte 
Bits 
22 
05 
Bit 5 
(High = True) 


23 
06 
Bit6 


24 
07 
Bit7 


25 
08 
Bit 8 (Most significant) 


26 
09 
Bit 9 (Sign) 
High 
27 
OVR 
Out of Range flag. Valid at 
Byte 
end of conversion 
when 
output exceeds 
full-scale. 


28 
V+ 
Positive 
supply voltage 
input 
(+5.0V) 


HOLD 


RD 


VIR 


CS 


SMODE 


y+ 


V" 


GND 


DG 


(DIGIT 


28 
POWER 
2 
SUPPLY 


1 
DISTRIBUTION 


14 
AL GROUND 


AID SECTION 


The HI-7152 
uses a conversion 
algorithm 
which 
is gener- 
ally called 
a "Two 
Step Flash" 
algorithm. 
This algorithm 
en· 
abies very fast conversion 
rates without 
the penalty 
of high 
power 
dissipation 
or high 
cost. 
A detailed 
functional 
dia- 
gram is presented 
in Figure 4. 


The input voltage 
is first converted 
into a 5-bit result (plus 
Out of Range 
information) 
by the flash converter. 
This flash 
converter 
consists 
of an array of 33 auto-zeroed 
compara- 
tors which 
perform 
a comparison 
between 
the input voltage 


and 
subdivisions 
of the 
reference 
voltage. 
These 
subdivi- 


sions 
of the 
reference 
voltage 
are formed 
by forcing 
the 
reference 
voltage 
and 
its negative 
on the 
two 
ends 
of a 


string 
of 32 resistors. 


The reference 
input to the HI-7152 
is buffered 
by a high 


speed CMOS 
amplifier 
which is used to drive one end of the 
resistor 
string. 
Another 
high 
speed 
amplifier 
configured 
in 
the inverting 
unity gain mode 
inverts 
the reference 
voltage 
with respect 
to analog 
ground 
and forces 
it onto 
the other 


end of the resistor 
string. 
Both reference 
amplifiers 
are off- 


set trimmed 
at the factory 
in order to increase 
the accuracy 


of the HI-7152 
and to simplify 
its usage. 


The 5-bit result of the first flash conversion 
is latched 
into 
the upper five bits of double 
buffered 
latches. 
It is also con- 


verted 
back 
into an analog 
signal 
by choosing 
the 
ladder 
voltage 
which 
is closest 
to but less than the input voltage. 


The 
selected 
voltage 
(VT AP) 
is then 
subtracted 
from 
the 
input voltage. 
This residue 
is amplified 
by a factor 
of 32 and 
referenced 
to the negative 
reference 
voltage 
(VSCA 
= (VIN 


- 
VTAP) 
x 
32 + VREF-). 
This subtraction 
and amplifica- 
tion operation 
is peformed 
by a Switched 
Capacitor 
Amplifi- 


er (SCA). The output 
of the SCA falls between 
the positive 
and negative 
reference 
voltages 
and can therefore 
be digi- 
tized by the original 
5-bit flash converter 
(second 
flash con- 
version). 


The 5-bit result of the second 
flash conversion 
is latched 
into the 
lower 
five 
bits of double 
buffered 
latches. 
At the 
end of a conversion, 
10 bits of data plus an Out of Range bit 
are latched 
into the second 
level of latches 
and can then be 
put on the digital 
output 
pins. 


T CONVERSION 
-.J 
-'_2_ 


COIolPARATOR 
AUTO-ZERO 
(AZ) 


CONVERT 
UPPER 
5 BITS 


SCA 
AUTO-ZERO 
(SCAZ) 


T+l,CONVERSION 
I 
L 


CONVERT 
LOWER 
5 BITS 
SAIolPLE L 
Vln(T+1) 


INTERNAL 
DATA 
--- 
- 
- 
- 
- 
- 
- 
-- 
--- 
- 
-- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- -I Vln(T) 
DATA 
10 BITS + OVR 
------ 


The conversion 
takes 
place !in three 
clock 
cycles 
and is 
illustrated 
in Figure 
5. When 
the 
conversion 
begins, 
the 
track 
and 
hold 
goes 
into 
its hold 
mode 
for 
1 clock 
cycle. 


During the first half clock cycle the comparator 
array is in its 
auto-zero 
mode and it samples 
the input vdltage. 
During the 
second 
half clock 
cycle, 
the comparators 
make a compari- 
son between 
the input voltage 
and the ladder 
voltages. 
At 
the 
beginning 
of the 
third 
half 
clock 
cycle. 
the 
first 
most 
significant 
5-bit 
result 
becomes 
available. 
During 
the 
first 
clock 
cycle, 
the SCA was sampling 
the input voltage. 
After 
the 
first 
flash 
result 
becomes 
available 
and 
a ladder 
tap 
voltage 
has been 
selected 
the 
SCA 
amplifies 
the 
residue 
between 
the input and ladder 
tap voltages. 
During the next 
thre~ half clock cycles, 
while the SCA output 
is settling 
to its 
required 
accuracy, 
the comparators 
go into their 
auto-zero 
mode 
and sample 
this voltage. 
During 
the sixth 
half clock 
cyclE!, the comparators 
perform 
another 
comparison 
whose 
5-bit resulLbecomes 
available 
on the next clock 
edge. 


TRACK AND HOLD ANALOG INPUT 


A Track 
and Hold amplifier 
has been 
fully 
integrated 
on 
the front end of the AID 
converter. 
Because 
of the sampling 
nature 
of this AID 
converter, 
the 
input 
is required 
to stay 
constant 
only 
during 
the 
first 
clock 
cycle. 
Therefore, 
the 
Track 
and 
Hold 
(TIH) 
amplifier 
"holds" 
the 
input 
voltage 
only 
during 
the 
first 
clock 
cycle 
and 
it acquires 
the 
input 
voltage 
for the 
next 
conversion 
during 
the 
remaining 
two 
clock 
cycles. 
The 
high 
input 
impedance 
of the 
T IH 
input 
amplifier 
simplifies 
analog 
interfacing. 
Input 
signals 
up to 
± VREF can be directly 
connected 
to the AID 
without 
buffer- 
ing. The AID 
output 
code table 
is shown 
in Table 
2. 


The timing 
signals 
for the Track 
and 
Hold 
amplifier 
are 
generated 
internally, 
and 
are 
also 
provided 
externally 
(HOLD) 
for 
synchronization 
purposes. 
The 
TI H amplifier 
consists 
of two high speed CMOS amplifiers 
and an internal 
hold 
capacitor. 
Its 
typical 
slew 
rate 
and 
bandwidth 
are 
9V I IJ-s and 1.5 MHz respectively. 
It is configured 
to give a 
very small hold pedestal 
without 
the use of an external 
hold 
capacitor. 
The hold pedestal 
is typically 
less than 
100 IJ-V. 


Table 2: AID Output 
Code Table 


Analog 
Input 
Output 
Data 


LSB = 2 (VREF)/1024 
VREF = 2.500V 
OVR 
SIGN 
MSB 
LSB 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


~ +VREF 
2.500toV+ 
(+OVR) 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


+VREF 
- 
1LSB 
2.49512 
(+ FULL SCALE) 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 


+1LSB 
0.00488 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0.000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


--1LSB 
-0.00488 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


-VREF 
-2.500 
(- 
FULL SCALE) 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


:<;; -VREF 
- 
1LSB 
- 2.50488 
to V - 
(-OVR) 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Acquisition 
of the analog 
input signal is the time required 
by the 
T /H 
for its output 
to reach 
its final 
value 
within 
a 
specified 
error band. This time is a function 
of the logic de- 
lay time, op amp slewing 
time, and settling 
time. The T/H is 
in the 
track 
mode 
for 
2 clock 
cycles 
(3.3 )Ls 
@ ClK 
= 


600 kHz) but the output 
typically 
settles 
to within y. lSB 
in 
1.5 )Ls. 


Aperture 
delay 
time 
is the 
time 
required 
for 
the 
T /H 
switch 
to open following 
the internal 
hold command. 
This is 
the delay with respect 
to falling edge of WR and the internal 
hold 
command. 
It is equal 
to T HOLD 
(typ) 
- 
50 ns (typ) 
which 
is typically 
30 ns. 


Apertare 
uncertainty 
Gitter) is a range 
of variation 
in the 
aperture 
time. The greater 
the aperture 
time the larger the 
uncertainty 
in the analog 
voltage 
being converted. 
If the ap- 
erture 
time 
is nulled 
out by advancing 
the 
hold 
command 
(WR) 
or the 
signal 
is repetitively 
sampled, 
aperture 
uncer- 
tainty becomes 
the major source 
of time error. The aperture 
uncertainty 
for the T/H is typically 
2 ns-which 
sets the maxi- 
mum input bandwidth 
to 77.7 kHz for 1 lSB 
resolution. 


Fmax = 1/(21T X 2" x tal 


where 
n = resolution 
in bits 


ta 
= aperture 
uncertainty 


All of the internal 
amplifiers 
are offset 
trimmed 
at the fac- 
tory to give improved 
accuracy 
and to minimize 
the number 
of external 
components. 
If necessary, 
offset 
error 
can 
be 
adjusted 
either 
at an external 
interface 
buffer 
or by using 
digital 
post correction. 


REFERENCE 
INPUT 


T<he reference 
input to the HI-7152 
is buffered 
by a high 
speed CMOS 
amplifier. 
The reference 
input range is 2.2Y to 
2.6Y. 


POWER REQUIREMENTS 


Power to the chip should 
be applied 
in the following 
order: 
Y-, 
Y+. 
and YREF. In applications 
where 
Y+ 
is supplied 
prior to Y-, 
the positive 
supply current 
will be approximately 
2 times 
its nominal 
value 
until Y - 
is applied 
(this is not a 
latchup 
condition). 


INITIALIZATION 


In fast 
memory 
and 
OMA 
modes 
(after 
proper 
power, 


YREF. and clock) 
up to 6 clock 
cycles 
are required 
for circuit 
initialization. 
After circuit initialization, 
valid data will be avail- 
able in 3 clock 
cycles. 


MICROPROCESSOR -INTERFACE 


The 
HI-7152 
can 
be 
interfaced 
to 
microprocessors 
through 
the use of standard 
Write, 
Read, 
Chip Select. 
and 
HBE control 
pins. The digital outputs 
are two's 
complement 
coded, 
three-state 
gated, 
and byte organized 
for bus inter- 


face with 8- and 16-bit systems. 
The digital outputs 
(00-09, 


OYR, and BUSY) 
may be accessed 
under 
control 
of BUS, 


byte 
enable 
input 
HBE, 
chip 
select, 
and 
read 
inputs 
for a 
simple 
parallel 
bus interface. 
The microprocessor 
can read 
the current 
data in the output 
latches 
in typically 
75 ns/byte 
(trd). An over range 
pin (OYR) 
together 
with the MSB (09) 
pin set to either 
a logic 
0 or 1 will 
indicate 
a positive 
or 
negative 
over-range 
condition 
respectively. 
All digital output 
buffers 
are capable 
of driving 
one TIl 
load. 


,The 
HI-7152 
can be interfaced 
to a microprocessor 
using 
one of three 
modes: 
slow memory, 
fast memory, 
and OMA 
mode. 


SLOW MEMORY MODE 


'In slow memory 
mode, 
the conversion 
will be initiated 
by 
the 
microprocessor 
by selecting 
the chip 
(CS) and pulsing 
WR low. This 
mode 
is selected 
by hardwiring 
the SMOOE 
pin to Y + . This mode is intended 
for use with microproces- 


sors 
(such 
as the 8086) 
which 
can be forced 
into a WAIT 
state. 
For example, 
in a configuration 
where 
the BUSY out- 
put is tied to the 8086 READY 
input, an attempt 
to read the 
data before 
the conversion 
is complete 
will force 
the proc- 
essor into a WAIT state until BUSY goes high, at which time 
the data at the output 
is valid. This resembles.a 
5 )Ls access 
time 
RAM. 
It allows 
the- processor 
to initiate 
a conversion, 


WAIT, 
and 
READ 
data 
with 
a 
single 
READ 
instruction. 


When 
the 8-bit bus operation 
is selected, 
high and low byte 
data may be accessed 
in either 
order. 
An I/O truth table 
is 
presented 
in Table 
3 for the'slow 
memory 
mode 
of opera- 
tion. 
• 


CS 
WR 
RD 
BUS 
HBE 
Function 


0 
0 
X 
X 
X 
Initiates 
a conversion 


1 
X 
X 
X 
X 
Disables 
all chip commands 


0 
X 
0 
1 
X 
00-09 
and OVR enabled 


0 
X 
0 
0 
0 
Low byte enabled: 
00-07 


0 
X 
0 
0 
1 
High byte enabled: 
08-09, 
OVR 


X 
X 
1 
X 
X 
Disables 
all outputs 
(High impedance) 


CS 
WR 
RD 
BUS 
HBE 
Functlorr 


X 
0 
X 
X 
X 
Continuous 
conversion, 
WR may be tied to OG 


1 
X 
X 
X 
X 
Disables 
only the RO command 


0 
X 
0 
1 
X 
00-09 
and OVR enabled 


0 
X 
0 
0 
1 
High byte enabled: 
08-09, 
OVR(enable 
1st) 


0 
X 
0 
0 
0 
Low byte enabled: 
00-07 
(must enable 
2nd) 


X 
X 
1 
X 
X 
Disables 
all outputs 
(High impedance) 


FAST MEMORY MODE 


The fast memory 
mode 
of operation 
is selected 
by tying 
the 
SMOOE 
and 
WR 
pins 
to 
OG. In this 
mode, 
the 
chip 
performs 
continuous 
conversions 
and only CS and RO are 
required 
to read the data. Whenever 
the SMOOE 
pin is low, 
WR 
is independent 
of CS in starting 
a conversion 
cycle. 


During 
the first conversion 
cycle, 
HOLD 
follows 
WR going 
low. 


Data can be read a byte at a time or all 11 bits at once. 
The 
internal 
logic 
disables 
the 
output 
latches 
from 
being 
updated 
during 
a read after the high byte data is accessed. 


It will continue 
to be disabled 
until after the low byte data is 
accessed. 
THEREFORE, 
WHEN 
8-BIT 
BUS 
OPERATION 
IS SELECTED, 
THE 
DATA 
MUST 
BE ACCESSED 
HIGH 
BYTE FIRST, LOW BYTE NEXT. If the low byte is accessed 
first followed 
by high byte, the results 
from the next conver- 
sion 
cycle 
will be lost because 
the updating 
of the output 
latch is disabled. 
BUSY is continuously 
low when 
accessed 
with 
a read 
command 
in this 
mode. 
An 
I/O 
truth 
table 
is 
presented 
in Table 
4 for the fast 
memory 
mode 
of opera- 
tion. 


The data can be defined 
in time by monitoring 
the HOLD 
pin. The conversion 
data can be read after HOLD has gone 
low. 


This 
mode 
is 
a 
complete 
hardwire 
mode 
where 
the 
HI-7152 
continuously 
converts. 
The user implements 
hard- 
ware to store 
the results 
in memory, 
bypassing 
the micro- 
processor. 
This 
mode 
is 
reco~e~ 
bL.!.he 
chip 
when 
SMODE 
is hardwired 
to V+ 
and CS, RD, WR are hardwired 
to DG. When 
8-bit 
bus operation 
is selected,;i9h 
and low 
byte data may be accessed 
in either order. BU 
Y is continu- 
ously 
low 
when 
accessed 
with 
a read 
command 
in this 
mode. 
An 
I/O 
truth 
table 
is presented 
in Table 
5 for the 
OMA mode of operation. 


Table 5: DMA Mode 1/0 Truth Table 
(SMODE = V +, CS = WR = RD = DG) 


BUS 
HBE 
Function 


1 
X 
00-09 
and OVR enabled 


0 
0 
Low byte enabled: 
00-07 


0 
1 
High byte enabled: 
08-09, 
OVR 


. 
I ne HI-Ilo;! 
nas tnree 
ground 
pins 
(Au, 
UU, uNUJ tor 
Improved 
system 
accuracy. 
Proper 
grounding 
and bypass- 
ing is illustrated 
in Figure 6. The AG pin is a ground 
pin that 
does not carry any current 
and is used internally 
as a refer- 
ence 
ground. 
The reference 
input and analog 
input should 
be referenced 
to the 
analog 
ground 
(AG) 
pin. The 
digital 
inputs 
and 
outputs 
should 
be 
referenced 
to 
the 
digital 
ground 
(DG) pin. The GND pin is a return point for the sup- 
ply current 
of the comparator 
array. The comparator 
array is 
designed 
such that this current 
is approximately 
constant 
at 
all times 
and does 
not vary with input voltage. 
By virtue 
of 
the switched 
capacitor 
nature 
of the comparators, 
it is nec- 
essary 
to hold GND firmly 
at zero volts 
at all times. 
There- 
fore, the system 
ground 
star connection 
should 
be located 
as close 
to this pin as possible. 


As in any analog 
system, 
good 
supply 
bypassing 
is nec- 
essary 
in order 
to achieve 
optimum 
system 
performance 
(minimize 
conversion 
errors). 
The power supplies 
should 
be 
bypassed 
with 20 fLF tantalum 
and 0.1 fLF ceramic 
capaci- 
tors to GND. The reference 
input should 
be bypassed 
with a 
0.1 fLF ceramic 
capacitor 
to AG. The capacitor 
leads should 
be as short 
as possible. 


GND 
V- 


VREF 


AG 
I 
VIN 


Input) 
_I 
I 
~ 
V+ >-----J 
BUSY 


eLK 


HOLD 


WR 


CS 


RD 


St.lODE 


DG 


~r;~·g~~~-nt.- 
th~~~·~-~I~~Y~· 
pi~t~~pi~· 
~~~pli·~g~Th-e~~f~~~ 
the analog 
inputs 
to the device 
should 
not be driven 
from 
very 
high 
output 
impedance 
sources. 
PC 
board 
layout 
should 
screen 
the analog 
and reference 
inputs with AG. Us- 
ing a soldier 
mask 
is good 
practice 
and helps 
reduce 
leak- 
age due to moisture 
contamination 
on the PC board. 


APPLICATIONS 


Typical 
applications 
are illustrated 
in Figures 
7 through 
9 
for the slow memory, 
fast memory, 
and DMA modes 
of op- 
eration. 
The output 
data is configured 
for 16-bit bus opera- 
tion for these 
three 
applications. 
By tying 
BUS to DG and 
connecting 
the HBE input to the system 
address 
decoder, 
the output 
data can be configured 
for 8-bit bus systems. 


Figure 
10 illustrates 
an application 
where 
the HI-7152 
is 
used 
with 
an analog 
multiplexer 
to 
form 
a multi-channel 
data acquisition 
system. 
Either slow memory 
or fast memory 
modes 
of operation 
can 
be selected. 
Fast 
memory 
mode 
should 
be 
selected 
for 
maximum 
throughput. 
Multiplexer 
channel 
acquisition 
should 
occur approximately 
500 ns after 
HOLD goes high. This allows 
2 clocks 
minus 0.5 fLs for the 
input 
to settle. 
With 
a 600 
kHz clock 
the 
input 
has up to 
2.8 fLs to settle. 
• 
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justment 
under 
software 
control 
with the addition 
of a pro- 
grammable 
gain block 
between 
the multiplexer 
and HI-7152 
is illustrated 
in Figure 
11. The microprocessor 
first performs 
a conversion 
and then checks 
the over-range 
status 
(OVA) 
bit. If the OVA 
bit is high, the microprocessor 
addresses 
a 
precision 
gain 
circuit 
for scale 
factor 
adjustment 
and 
initi- 
ates 
another 
conversion. 
The 
microprocessor 
must 
keep 
track 
of the selected 
scale factor. 


be better than 0.05%. 
For optimum 
system 
performance, 
op 
amp frequency 
response, 
settling 
time, and charge 
injection 
of the analog 
switch 
must be considered. 


Figure 
12 illustrates 
the HI-7152 
interfaced 
to FIFO mem- 
ories for use in DMA applications. 
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Figure 11: Multi-Channel Data Acquisition 
System with Programmable Gain 
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Figure 12: DMA/FIFO 
Data Acquisition System 


mHARRIS 
HI-7153 


8-Channel 10 Bit High Speed 
Sampling AID Converter 


General Description 


The HI-7153 
is an a-channel 
high speed 
10 bit A/D 
converter which uses a Two Step Flash algorithm to achieve 
through-put 
rates of 200kHz. The converter features an 
a-channel CMOS analog multiplexer with random channel 
addressing. A unique switched capacitor technique allows 
a new input voltage to be sampled while a conversion is 
taking place. 


Internal high speed CMOS buffers at both the analog and 
reference inputs simplifies interface requirements. 


A Track 
and 
Hold 
amplifier 
is included 
on 
the 
chip, 
consisting of two high speed amplifiers and an internal hold 
capacitor, reducing external circuitry. 


Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 
digital 
three-state 
outputs 
are byte organized 
for 
bus 
interface to a or 16 bit systems. An Out-of-Range 
pin, 
together with the MSB bit, can be used to indicate an under 
or over-range condition. 


The HI-7153 
operates with ±5V supplies. Only a single 
+2.5V reference is required to provide a bipolar input range 
from -2.5V to +2.5V. 
Ordering Information 


• 51lS Conversion 
Time 


• a-Channel 
Multiplexer 


• 200,000 
Channels/Second 
Throughput 
Rate 


• Over 9 -Effective 
Bits at 20kHz 


• No Offset or Gain Adjustments 
Necessary 


• Analog and Reference 
Inputs 
Fully Buffered 


• On-Chip 
Track and Hold Amplifier' 


• IlP Compatible 
Interface 


• 2's Complement"Data 
Output 


• 150mW Power Consumption 


• Only a Single 
2.5V Reference ..Required for a ±2.5V 
Input 
Range 


• Out-of-Range 
Flag 


Applications 


• IlP Controlled 
Data Acquisition 
Systems 


• DSP 
~ Avionics 
~ Sonar 


• Process Control 
~ Automotive 
Transducer 
Sensing 
~ Industrial 


• Robotics 


• Digital Communications 


LINEARITY 
TEMPERATURE 
PART NO. 
(MAX.ILE) 
RANGE 
PACKAGE 


HI3-7153J-5 
±1.0 LSB 
00Cto+75OC 
40 Pin Plastic DIP 


HI3-7153A-9 
±1.0 LSB 
-400C 
to +850C 
40 Pin Plastic DIP 


HI1-7153S-2 
±1.0 
LSB 
-550Cto+125OC 
40 Pin Ceramic 
DIP 


H11-71 538/883 
±1.0 LSB 
-550C 
to + 1250C 
40 Pin Ceramic 
DIP 


AG 
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DO 
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ClK 
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ICL7112 
12-Bit High-Speed 
~o~qos J-tP-Compatible 
t 
," 
\ 
AID 
Converter 


GENERAL 
DESCRIPTIO 
:qtd.Zeroed G9~parator 
for Low Offset Voltage 


"I,/"""'f~": 
"_,,,.~"tM1{!;-'·" 


The ICL7112 is a monolithic 12- 
resolution. fast:suc- 
. 
:.,loowt1i'iearity 
and Gain Errors 
cessive approximation AID converte 
. 
esiS~ 
• Low Power Consumption 
(60 mW) 
tors and CMOS circuitry combined 
-c ip PROM 
• No Gain or Offset Adjustment 
Necessary 
calibration table to achieve .12-bitlinearity without laser trim- 
• Provides 3% Useable Overrange 
mlng. Special design techniques used In the DAC and com- 
parator result in high speed operation. while the fully static 
• Fast Conversion (40 "sec.) 


silicon-gate CMOS circuitry keeps the power dissipation 
very low. 


Microprocessor bus interfacing is eased by the use of 


standard memory WRite and ReaD cycle timing and control 
signals. combined with Chip Select and Ji\ddresspins. The 
digital output pins are byte-organized and three-state gated 
for bus interface to 8- and 16-bit systems. 
The 
ICL7112 provides 
separate Analog 
and 
Digital 
grounds for increased system accuracy. Operating with 
±5V supplies. the ICL7112 accepts OVto + 10V input with 
a -10V 
reference or OV,to -10V 
input with a + 10V refer" 
ence. 


HARRIS 
SEMICONDUCTOR 


FEATURES 
• 12-Blt Resolution and Accuracy 
• No Missing Codes 
• Microprocessor 
Compatible Byte-Organized 
Buffered 
Outputs 


Resolution 


Part 
with 
No 
Temperature 
Package 
Number 
MissIng 
Range 


Codes 


ICL7112JCDL 
11 Bits 
O'Cto 
+70'C 
40 Pin Ceramic 


ICL7112KCDL 
12 Bits 
O'Cto 
+70'C 
40 Pin Ceramic 


ICL7112LCDL 
12 Bits' 
O'Cto 
+70'C 
40 Pin Ceramic 


ICL7112JIDL 
11 Bits 
- 2S'C to + 8S'C 
40 Pin Ceramic 


ICL7112KIDL 
12 Bits 
- 2S'C to + 8S'C 
40 Pin Ceramic 


ICL7112L1DL 
12 Bits' 
- 2S'C to + 8S'C 
40 Pin Ceramic 


ICL7112JMDL 
11 Bits 
- SS'C to + 12S'C 
40 Pin Ceramic 


ICL7112KMDL 
12 Bits 
- SS'C to + 12S'C 
40 Pin Ceramic 


ICL7112LMDL. 
12 Bits' 
- SS'C to + 12S'C 
40 Pin Ceramic III 
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0107-2 
Figure 2: Pin Configuration 
(Outline 
Dwg. DL) 


HAARIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WAARANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301657-002 


OVR 


011 (~SB) 
°0 (LSB) 


~g ABSOLUTE 
MAXIMUM 
RATINGS 
(1) 


Supply Voltage 
v+ 
to DGND 
-0.3V 
to +6.SV 


Supply Voltage 
v- 
to DGND 
+0.3V 
to -6.SV 


VREF, VIN to DGND 
±2SV 


AGNDto 
DGND 
+ Wto 
-lV 


VREF. VIN, AGND Current 
2S mA 


Digital I/O Pin Voltages 
- 0.3V to (V+ 
+ 0.3V) 


PROG to DGNDVoitage 
V- 
to (V+ 
+0.3) 


Note 
1: All voltages with respect to DGND, unless otherwise 
noted. 


2: Assumes 
all leads soldered 
or welded to printed circuit board. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


Operating 
Temperature 


ICL7112XCXX 
...........•..•........... 
O"C to + 70·C 


ICL7112XIXX 
-2S·Cto 
+70·C 


ICL7112XMXX 
- SS·C to + 12S·C 


Storage 
Temperature 
-6S·C 
to + lS0·C 


Power Dissipation 
(Note 2) 
SOOmW 


derate 
above 
70·C @10 mW rc 


Lead Temperature 
(soldering, 
10 sec.) 
300·C 


ELECTRICAL 
CHARACTERISTICS 


Test Conditions: 
V+ 
= 
+SV, 
V- 
= 
-SV, 
VREF = 
-10.0V, 
TA = 
+2S·C, 
fclk = SOOkHz unless 
otherwise 
noted. 


Symbol 
Parameter 
Test Conditions 
J 
I 
K 
L 
Units 
Mln I Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Accuracy 


RES 
Resolution 
12 
Bits 


RES(NMC) Resolution with No 
Notes 1, 2, 3 
Rm 
11 
12 
12 
Bits 
Missing Codes 
Tmin-Tmax 
10 
11 
12 


ILE 
Integral Linearity 
Notes 1, 2 
Rm 
±0.024 
±0.012 
±0.012 
%FSR 
Error 
Tmin-Tmax 
±0.030 
+0.020 
±0.020 


FSE 
Unadjusted 
Adjustable 
C 
Rm 
±0.10 
±0.08 
±0.08 
Full Scale Error 
to Zero 
Tmin-Tmax 
±0.12 
±0.10 
+0.10 


I 
Rm 
±0.10 
±0.08 
±0.08 
%FSR 
Tmin-Tmax 
±0.13 
±0.11 
±0.11 


M 
Rm 
±0.10 
±0.08 
±0.08 
Tmin-Tmax 
±0.14 
+0.12 
±0.12 


ZE 
Zero Error 
Notes 1, 2 
Rm 
±1 
±1 
±1 
LSB 
Tmin-Tmax 
±1.5 
±1.5 
+1.5 


Analog Input 


VIN 
Analog Input Range 
0 
10.3 
0 
10.3 
0 
10.3 
V 


RIN 
Input Resistance 
Notes 2, 5 
4 
9 
4 
9 
4 
9 
KO 


TdR1N) 
Temperature Coefficient 
Tmin-Tmax 
-300 
-300 
-300 
ppmrc 
ofRIN 


Reference Input 


VREF 
Analog Reference 
-10.0 
-10.0 
-10.0 
V 


RREF 
Reference 
Resistance 
5 
5 
5 
KO 


Power Supply Sensitivity 


PSRR 
Power Supply 
V+, V- = 4.5V-5.5V 
Rm 
±0.5 
±1 
±0.5 
±1 
±0.5 
±1 
LSB 
Rejection Ratio 
Tmin- Tmax 
±2 
±2 
±2 


ELECTRICAL 
CHARACTERISTICS 


Test Conditions: 
V+ 
= + 5V, V- 
= -5V, 
VREF = -10.0V, 
TA = + 25"C, fclk = 500 kHz unless otherwise 
noted. 
(Continued) 
I 
J 
K 
I 
L 
Units 
Symbol 
Parameter 
Test Conditions 
I 
Mln I Typ 
Typ I 
Max I 
Mln 
Max 
Mln 
Typ 
Max 


Logic 
Input 


VIL 
Low State 
Tmin-Tmax 
0.8 
V 
0.8 
0.8 
Input Voltage 


VIH 
High State 
Tmin-Tmax 
2.4 
V 
2.4 
2.4 
Input Voltage 


IUH 
Logic Input Current 
0< 
VIN < V+ 
1 
10 
1 
10 
1 
10 
p.A 


CIN 
Logic 
Input Capacitance 
15 
15 
15 
pF 


Logic 
Output 


VOL 
Low State Output 
lOUT ~ 
1.6 mA 


Voltage 
Tmin-Tmax 
0.4 
0.4 
0.4 
V 


VOH 
High State 
Output 
lOUT ~ 
- 200 p.A 


Voltage 
Tmin-Tmax 
2.8 
2.8 
2.8 
V 


lox 
Three-State 
Output 
0< 
VOUT < V+ 
1 
1 
1 
p.A 
Current 


GoUT 
Logic Output 
Capacitance 
Three-State 
15 
15 
15 
pF 


Power 
Requirements 


VSUPPLY 
Supply 
Voltage 
Range 
Functional 
±4.5 
±6.0 
±4.5 
±6.0 
±4.5 
±6.0 
V 
Operation 
Only 


ISUPPLY 
Supply 
Current, 
Rm 
2 
4 
2 
4 
2 
4 
mA 
1+,1- 
Tmin-Tmax 
6 
6 
6 • 


NOTES 1: Full scale range (FSR) is 10V (reference 
adjusted). 


2: Assume all leads are soldered or welded to printed circuit board. 
3: "J" and "K" versions not production tested. Guaranteed by Integral Unearity Oast. 
4: Typtcal values are not tested. for reference only. 
5: Not production tested. Guaranteed by design. 


Icd- 


a 
.. 
VALID 


I ~I 
•• 


o.-Du 
:--8 


~~~ 
VALID 


~ 
.oe 


~ 
= DON'T CARE 


~ 
= DON'T 
CARE 


Figure 
4: Write 
Cycle 
Timing 


AC ELECTRICAL 
CHARACTERISTICS 
Test Conditions: 
V+ = +5.0V, 
V- 
= -5.0V, 
TA= 
+ 25°C, 


felk = 500kHz 
unless otherwise 
noted. 
Data derived 
from extensive 
characterization 
testing. 
Parameters 
are not production 


tested. 


Symbol 
Parameter 
Test 
Conditions 
Min 
Typ 
Max 
Units 


READ CYCLE 
TIMING 


ted 
Prop. Delay CS to Data 
RD Low, Ao Valid 
200 


tad 
Prop. Delay Ao to Data 
CS Low, RD Low 
200 


t'd 
Prop. Delay RD to Data 
CS Low, Ao Valid 
200 
ns 


tn< 
Prop. Delay Data to Three State 
150 


ted 
Prop. Delay EOC High to Data 
200 


WRITE 
CYCLE 
TIMING 


tw, 
WR Low Time 
150 
ns 
twe 
Prop. Delay WR Low to EOC Low 
Wait Mode 
1 
2 


teo 
EOC High Time 
Free-Run 
Mode 
0.5 
1.5 
1/fclk 
tconv 
Conversion 
Time 
20 


fclk 
Clock Frequency 
Range 
Functional 
Operation 
Only 
500 
kHz 


PIN 
NAME 
FUNCTION 


1 
No connection 


2 
AGNDf 
FORCE input for Analog 
Ground 


3 
CS 
Chip Select 
enables 
reading 
and writing 


(active 
low) 


4 
RD 
ReaD (active 
low) 


5 
Ao 
Byte select 
(low = Do - D7. 


high=DB-Dll.0YR) 


6 
BUS 
Bus select 
(low = outputs 
enabled 
by Ao. 


high = all outputs 
enabled 
together) 


7 
DGND 
Digital GrouND 
return 


8 
Dll 
Bit 11 (most significant 
bit) 


9 
DlO 
Bit 10 


10 
Dg 
Bit9 
High Byte 
11 
DB 
Bit8 


12 
D7 
Bit7 
Output 


13 
Ds 
Bit6 
Data 


14 
Ds 
Bit5 
Bits 


15 
D4 
Bit4 
(High = True) 


16 
D3 
Bit3 


17 
D2 
Bit2 
Low Byte 
18 
Dl 
Bit 1 


19 
Do 
Bit 0 (least significant 
bit) 


20 
No Connection 


21 
No Connection 


22 
No Connection 


23 
No Connection 


24 
No Connection 


25 
EOC 
End Of Conversion 
flag (low = busy, 


high = conversion 
complete) 


26 
OYR 
OYerRange 
flag (valid at end of conversion 


when output code exceeds 
full-scale. 
three- 


state output 
enabled 
with high byte) 


27 
Y+ 
Positive 
power supply input 


28 
PROG 
Used for programming 
only. Must tie to Y+ 


for normal operation 


29 
TEST 
Used for programming 
only. Must tie to Y+ 


for normal operation 


PIN 
NAME 
FUNCTION 


30 
OSC1 
Oscillator 
inverter 
input 


31 
OSC2 
Oscillator 
inverter 
output 


32 
TEST 
Must tie to y+ 
for normal operation 


33 
WR 
WRite pulse input (low starts new 


conversion) 


34 
CAZ 
Auto·zero 
capacitor 
connection' 


35 
Y- 
Negative 
power supply input 


36 
COMP 
Used in test. tie to Y- 


37 
YIN 
SENSE 
line for input voltage 


38 
YREF 
SENSE 
line for reference 
input 


39 
AGNDs 
SENSE 
line for analog 
ground 


40 
No connection 


CS WR RD Ao BUS 
FUNCTION 


0 
0 
x 
x 
x 
Initiates 
a Conversion 


1 
x 
x 
x 
x 
Disables 
all Chip Commands 


0 
x 
0 
0 
0 
Low Byte is Enabled 


0 
x 
0 
1 
0 
High Byte is Enabled 


0 
x 
0 
x 
1 
Low and High Bytes Enabled 
Together 


x 
x 
1 
x 
x 
Disables 
Outputs 
(High-Impedance) • 


INPUT VOLTAGE 
EXPECTED 
OUTPUT 
CODE 


YREF= 
-10.0Y 
OYR 
MSB 
LSB 


0 
0 
0 
0000000000 
0 


+0.00244 
0 
0 
0000000000 
1 


+0.30029 
0 
0 
0000111101 
1 


+4.99756 
0 
0 
1 1 1 1 1 1 1 1 1 1 
1 


+5.00000 
0 
1 
0000000000 
0 


+9.99512 
0 
1 
1111111111 
0 


+9.99756 
0 
1 
1111111111 
1 


+ 10.00000 
1 
0 
0000000000 
0 


+10.00244 
1 
0 
0000000000 
1 


+10.29000 
1 
0 
0000111101 
1 
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The ICL7112 
is basically 
a successive 
approximation 
AID 
converter 
with 
an 
internal 
structure 
much 
more 
complex 
than 
a standard 
SAR-type 
converter. 
Figure 
1 shows 
the 
functional 
diagram 
of 
the 
ICL7112 
12-bit 
AID 
converter. 


The 
additional 
circuitry 
incorporated 
into 
the 
ICL7112 
is 
used to perform 
error correction 
and to maintain 
the operat- 
ing speed 
in the 40,..s range. 


The 
internal 
DAC 
of the 
ICL7112 
is designed 
around 
a 
radix of 1.B5 rather than the traditional 
2.00. This radix gives 
each 
bit of the DAC a weight 
of approximately 
54 % of the 
previous 
bit. The result 
is a useable 
range 
that 
ex1ends to 
3% beyond 
the full-scale 
input of the AID. 
The actual 
value 
of each 
bit is measured 
and stored 
in the on-chip 
PROM. 


The absolute 
value 
of each 
bit weight 
then 
becomes 
rela- 
tively 
unimportant 
because 
of the error correction 
action 
of 
the ICL7112. 


The output 
of the high-speed 
auto-zeroed 
comparator 
is 
fed to the data input of a successive 
approximation 
register 
(SAR). This register 
is uniquely 
designed 
for the ICL 7112 in 
that it tests 
bit pairs instead 
of individual 
bits in the manner 
of a standard 
SAR. At the beginning 
of the conversion 
cy- 


cle, 
the 
SAR 
turns 
on the 
MSB 
(D11) and 
the 
MSB-4 
bit 


(D7)' The sequence 
continues 
for each bit pair, Bx and BX-4' 


until only the four LSBs remain. The sequence 
concludes 
by 
testing 
the four LSBs individually. 


The 
SAR 
output 
is fed 
to the 
DAC 
register 
and 
to the 
preprogrammed 
PROM 
where 
it acts 
as PROM 
address. 


PROM 
data 
is fed 
to a full-adder/accumulator 
where 
the 
decoded 
results 
from each successive 
phase of the conver- 
sion are summed 
with the 
previous 
results. 
After 
20 clock 
cycles, 
the accumulator 
contains 
the final binary data which 
is latched 
and 
sent 
to the three-state 
output 
buffers. 
The 
accuracy 
of the A/D 
converter 
depends 
primarily 
upon the 
accuracy 
of the 
data 
that 
has been 
programmed 
into the 
PROM during the final test portion 
of the manufacturing 
pro- 
cess. 


The error 
correcting 
algorithm 
built 
into the 
ICL7112 
re- 
duces 
the 
initial 
accuracy 
requirements 
of the 
DAC. 
The 
overlap 
in the testing 
of bit pairs reduces 
the accuracy 
re- 
quirements 
on the comparator 
which 
has been optimized 
for 
speed. Since the comparator 
is auto-zeroed, 
no ex1ernal ad- 
justment 
is required 
to get ZERO 
code for ZERO 
input volt- 
age. 


Twenty 
clock 
cycles 
are required 
for the complete 
12-bit 
conversion. 
The 
auto-zero 
circuitry 
associated 
with 
the 
comparator 
is employed 
during 
the last three 
clock 
cycles 
of the conversion 
to cancel 
the effect 
of offset voltage. 
Also 
during this time, the SAR and accumulator 
are reset in prep- 
aration 
for the start of the nex1 conversion. 


The 
overflow 
output 
of the 
full-adder 
is also 
the 
OVer- 
Range 
(OVR) output 
of the ICL7112. 
Unlike 
standard 
SAR- 
type AID 
converters, 
the ICL7112 
has the capability 
of pro- 
viding 
valid 
useable 
data 
for 
inputs 
that 
exceed 
the 
full- 
scale 
range 
by as much as 3%. 
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When 
using A/D 
converters 
with 12 or more bits of reso- 
lution, 
special 
attention 
must be paid to grounding 
and the 
elimination 
of potential 
ground 
loops. 
A ground 
loop can be 
formed 
by allowing 
the 
return 
current 
from 
the 
ICL7112's 
DAC to flow through 
traces 
that are common 
to other 
ana- 
log circuitry. 
If care is not taken, 
this current 
can generate 
small 
unwanted 
voltages 
that 
add 
to or detract 
from 
the 
reference 
or input voltages 
of the A/D 
converter. 


Figures 
5 and 6 show two different 
grounding 
techniques. 
Although 
the difference 
between 
the two circuits 
may not be 
readily 
apparent, 
the circuit of Figure 5 is very likely to have 
significant 
ground 
loop 
errors 
which 
the circuit 
of Figure 
6 
avoids. 
In Figure 
5, the supply 
currents 
for analog 
ground, 


digital 
ground, 
and the reference 
voltage 
all flow through 
a 
lead common 
to the 
input. 
This 
will generate 
a DC offset 
voltage 
due to the currents 
flowing 
in the resistance 
of the 
common 
lead. 
This 
offset 
voltage 
will vary 
with 
the 
input 
voltage 
and with the digital 
output. 
Even the auto-zero 
loop 
of the ICL7112 
cannot 
remove 
this error. 


Figure 
6 shows 
a much 
better 
arrangement. 
The ground 
and reference 
currents 
do not flow 
through 
the input com- 
mon lead, eliminating 
any error voltages. 
Note that the sup- 


ply 
currents 
and 
any 
other 
analog 
system 
currents 
must 
also be returned 
carefully 
to analog 
ground. 
The clamp 
di- 


odes 
will protect 
the 
ICL7112 
against 
signals 
which 
could 
result from 
separate 
analog 
and digital 
grounds. 
The abso- 
lute maximum 
voltage 
rating 
between 
AGND 
and DGND 
is 


± 1.0V. The two 
inverse-parallel 
diodes 
clamp 
this voltage 
to less than 
±0.7V. 


INPUT WARNING 


As with 
any CMOS 
integrated 
circuit, 
no input 
voltages 
should 
be applied 
to the ICL7112 
until the 
± 5V power 
sup- 
plies have stabilized. 


INTERFACING 
TO DIGITAL 
SYSTEMS 


The 
ICL7112 
provides 
three-state 
data 
output 
buffers, 


CS. RD, WR, and bus select 
inputs 
(Ao and BUS) for inter- 
facing 
to a wide variety 
of microcomputers 
and digital 
sys- 
tems. 
The 
I/O 
Control 
Truth 
Table 
shows 
the functions 
of 
the 
digital 
control 
lines. 
The 
BUS 
select 
and 
Ao lines 
are 
provided 
to enable the output 
data onto either B-bit or 16-bit 
data buses. A conversion 
is initiated 
by a WR pulse (pin 33) 
when CS (pin 3) is low. Data is enabled 
on the bus when the 
chip is selected 
and RD (pin 4) is low. 


Figure 
7 illustrates 
a typical 
interface 
to an B-bit micro- 
computer. 
The "Start 
and Wait" 
operation 
requires 
the few- 
est external 
components 
and is initiated 
by a low level 
on 
the 
WR 
input 
to 
the 
ICL7112 
after 
the 
I/O 
or 
memory- 
mapped 
address 
decoder 
has brought 
the CS input low. Af- 
ter executing 
a delay 
or utility 
routine 
for a period 
of time 
greater 
than the conversion 
time of the ICL7112, 
the proc- 
essor 
issues two consecutive 
bus addresses 
to read output 
data 
into two bytes 
of memory. 
A low level on Ao enables 
the LSBs and a high level enables 
the MSBs. 


AGND 


DGND 


VREF 


AGND 
• 


ADOAfSSlUS 
Ao 


Ao 
Ao-AH 
a 


iili 
iili 


WR 
WR 


ICL7112 
.' 


BUS 
~ 


OVR 
DvDr 
DrDu 


By adding 
a three-state 
buffer 
and two control 
gates, 
the 
End-of-Conversion 
(EOC) 
output 
can be used 
to control 
a 


"Start 
and 
Poll" 
interface 
(Figure 
8). In this 
mode, 
the Ao 
and CS lines connect 
the EOC output 
to the data bus al~ 
with the most significant 
byte of data. After 
pulsing 
the WR 


line to initiate 
a conversion, 
the microprocessor 
continually 
reads 
the most 
significant 
byte until it detects 
a high level 
on the 
EOC 
bit. The 
"Start 
and 
Poll" 
interface 
increases 
data throughput 
compared 
with the "Start 
and Wait" 
meth- 
od by eliminating 
delays 
between 
the conversion 
termina- 


tion and the microprocessor 
read operation. 


Other 
interface 
configurations 
can 
be used 
to increase 
data 
throughput 
without 
monopolizing 
the 
microprocessor 
during waiting 
or polling operations 
by using the EOC line as 
an interrupt 
generator 
as shown 
in Figure 
9. After 
the con- 
version 
cycle 
is initiated. 
the 
microprocessor 
can continue 


to execute 
routines 
that 
are independent 
of the A/D 
con- 
verter 
until the converter's 
output 
register 
actually 
holds val- 


id data. 
For fastest 
data 
throughput. 
the 
ICL7112 
can 
be 
connected 
directly 
to the data bus but controlled 
by way of 
a Direct 
Memory 
Access 
(DMA) controller 
as shown 
in Fig- 
ure 10. 


APPLICATIONS 


Figure 
11 shows 
a typical 
application 
of the ICL7112 
12- 


bit AID 
converter. 
A bipolar 
input voltage 
range of + 10V to 


-10V 
is the result of using the current 
through 
R2 to force a 
'12 scale offset 
on the input amplifier 
(AI). 
The output 
of Al 
swings 
from 
OV to 
-10V. 
The 
overall 
gain 
of the AID 
is 
varied 
by adjusting 
the 
100kfi 
trim 
resistor, 
Rs. Since 
the 


ICL7112 
is automatically 
zeroed 
every conversion, 
the sys- 
tem 
gain 
and 
offset 
stability 
will 
be superb 
as long 
as a 


reference 
with 
a tempco 
of 
1ppmrC 
and 
stable 
external 


resistors 
are used. 


It is important 
to note that since 
the 7112's 
DAC current 
flows 
in 
AI, 
the 
amplifier 
should 
be 
a 
wideband 


(GBW> 
20MHz) 
type to minimize 
errors. 


The clock 
for the ICL7112 
is taken 
from whatever 
system 
clock 
is available 
and divided 
down 
to the level for a con- 


version 
time of 40 IJ-s. Output 
data is controlled 
by the BUS § 
and Ao inputs. 
Here they are set for 8-bit bus operation 
with 
BUS grounded.and 
Ao under the control 
of the address 
de- 
code 
section 
of the external 
system. 


Because 
the 
ICL7112's 
internal 
accumulator 
generates 
accurate 
output 
data for input signals 
as much as 3% great- 
er than full-scale, 
and because 
the converter's 
OVR output 
flags overrange 
inputs, a simple 
microprocessor 
routine 
can 
be employed 
to precisely 
measure 
and correct 
for system 
gain and offset 
errors. 
Figure 
12 shows 
a typical 
data acqui- 
sition system 
that uses a 1O.OV reference, 
input signal multi- 


plexer, 
and 
input 
signal 
Track/Hold 
amplifier. 
Two 
of the 
multiplexer's 
input channels 
are dedicated 
to sampling 
the 
system 
analog 
ground 
and 
reference 
voltage. 
Here. 
as in 
Figure 
11, bipolar 
operation 
is accommodated 
by an offset 
resistor 
between 
the 
reference 
voltage 
and 
the 
summing 
junction 
of AI. 
A flip-flop 
in IC3 sets IC2'S Track/Hold 
input 
after the microprocessor 
has initiated 
a WR command, 
and 
resets 
when 
EOC goes high at the end of the conversion. 


The first step in the system 
calibration 
routine 
is to select 
the multiplexer 
channel 
that is connected 
to system 
analog 
ground 
and initiate 
a conversion 
cycle for the ICL7112. 
The 
results 
represent 
the system 
offset 
error which 
comes 
from 
the sum of the offsets 
from IC1, IC2, and AI. 
Next the chan- 
nel 
connected 
to 
the 
reference 
voltage 
is selected 
and 
measured. 
These 
results. 
minus 
the 
system 
offset 
error, 
represent 
the system 
full-scale 
range. 
A gain error 
correc- 
tion factor 
can be derived 
from this data. Since the ICL7112 
provides 
valid 
data 
for inputs 
that 
exceed 
full-scale 
by as 
4 


much as 3%, the OVR output 
can be thought 
of as a valid 
13th data 
bit. Whenever 
the OVR bit is high, however, 
the 
total 
12-bit 
result 
should 
be checked 
to insure 
that 
it falls 
within 
100% 
and 103% 
of full-scale. 
Data beyond 
103% 
of 
full-scale 
should 
be discarded. 


CLOCK CONSIDERATIONS 


The 
ICL7112 
provides 
an 
internal 
inverter 
which 
is 
brought 
out to pins OSC1 and OSC2, for crystal 
or ceramic 
resonator 
oscillator 
operation. 
The clock 
frequencY'is 
calcu- 
lated from: 
20 
fCLK=-- 
teonv 


END OF 
___ 
CONVERSION 
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Figure 11: Typical Application with Bipolar Input Range, Forced Ground, and 10 Volt Ultra-Stable Reference III 


ANALOG! 
INPUTS 


0107-16 


Figure 12: Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Multiplexer for 
System Gain and Offset Error Correction 


GENERAL 
DESCRIPTION 


The ICL7115 
is the first monolithic 
14-bit 
resolution, 
fast 
successive 
approximation 
AI D converter. 
It uses 
thin film 
resistors 
and 
CMOS 
circuitry 
combined 
with 
an 
on-chip 
PROM 
calibration 
table 
to achieve 
± 0.009% 
linearity 
with- 
out 
laser 
trimming. 
Special 
design 
techniques 
used 
in the 
DAC and comparator 
result 
in high speed 
operation, 
while 
the fUlly static 
silicon-gate 
CMOS 
circuitry 
keeps 
the power 
dissipation 
very low. 


Microprocessor 
bus interfacing 
is made 
easy 
by the use 
of standard 
WRite 
and Real) cycle 
timing 
and control 
sig- 


nals, combined 
with Chip Select 
and Address 
pins. The digi- 
tal output 
pins are byte-organized 
and three-state 
gated 
for 
bus interface 
to 8 and 16-bit systems. 


The 
ICL7115 
provides 
separate 
Analog 
and 
Digital 
grounds. 
Analog 
ground, 
voltage 
reference 
and input 
volt- 
age 
pins 
are separated 
into 
force 
and 
sense 
lines 
for in- 
creased 
system 
accuracy. 
Operating 
with ± 5V supplies, 
the 
ICL7115 
accepts 
OV to + 10V input with a -1 OV reference 
or OV to - 10V input with a + 10V reference. 


FEATURES 


• 14-Bit 
Resolution 
(LSB 
= 610 JJ-V) 


• No Missing 
Codes 
to 
14 Bits 


• Microprocessor 
Compatible 
Byte-Organized 
Buffered 
Outputs 


• Fast 
Conversion 
(40JJ-s) 


• Auto-Zeroed 
Comparator 
for 
Low 
Offset 
Voltage 


• Low 
Linearity 
and 
Gain 
Error 


• Low 
Power 
Consumption 
(60mW) 


• No Gain 
or Offset 
Adjustment 
Necessary 


• Provides 
3% Useable 
Overrange 


• FORCE/SENSE 
and 
Separate 
Digital 
and 
Analog 
Ground 
Pins for 
Increased 
System 
Accuracy 


Part 
Resolution(l) 
Temp. 


with 
No 
Package 
Number 
Missing 
Codes 
Range 


ICL7115JCDL 
12 Bits 
O"Cto 
+70"C 
40 Pin Ceramic 


ICL7115KCDL 
13 Bits 
O"Cto 
+70"C 
40 Pin Ceramic 


ICL7115LCDL 
14 Bits 
O"Cto 
+70"C 
40 Pin Ceramic 


ICL7115JIDL 
12 Bits 
- 25"C to + 85"C 
40 Pin Ceramic 


ICL7115KIDL 
13 Bits 
-25"Cto 
+ 85"C 
40 Pin Ceramic 


ICL7115L1DL 
14 Bits 
~ 25"C to + 85"C 
40 Pin Ceramic 


ICL7115JMDL 
12 Bits 
-55"C 
to + 125"C 
40 Pin Ceramic 


ICL7115KMDL 
13 Bits 
-55"Cto 
+ 125"C 
40 Pin Ceramic 


ICL7115LMDL 
14 Bits 
~ 55"C to + 125"C 
40 Pin Ceramic 


ICL7115JMLL 
12 Bits 
- 55"C to + 125"C 
40 Pin LCC 


ICL7115KMLL 
13 Bits 
-55"C 
to + 125"C 
40 Pin LCC 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301659-005 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 


Supply Voltage 
V+ 
to DGND 
-O.3Vto 
+6.5V 
Supply Voltage 
V- 
to DGND 
+ O.3V to -6.5V 
VREFs, VREFf, VINs, VINf to DGND 
+ 25V to - 25V 
AGNDs,AGNDftoDGND 
+lVto-1V 
Current 
in FORCE and SENSE 
lines 
25mA 
Digital 110 Pin Voltages 
-O.3V 
to V + + O.3V 
PROGto 
DGNDVoitage 
V- 
toV+ 
+O.3V 


Operating 
Temperature" 
Range 
ICL7115XCXX 
O·C to + 70·C 
ICL7115XIXX 
-25·Cto 
+85·C 
ICL7115XMXX 
-55·Cto 
+ 125·C 
Storage 
Temperature 
Range 
.. . . . . . . .. 
- 65·C to + 1500C 
Power Dissipation 
500mW 
derate 
above 
70·C 
@ 10mWrC 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


NOTE 1: All voltages with respect to DGND. unless otherwise 
noted. 


NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 


operation of the device at these Of any other conditions 
above those indicated in the operational 
sections of the specifications 
is not impli8(/. Exposure to absolute 
maximum rating conditions 
for extended periods 
may aHect device rBliability. 
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~ 
ICL7115 
.•.r- 
d .ELECTRICAL 
CHARACTERISTICS 


- 
Test Conditions: 
V+ 
= +5.0V, 
V- 
= -5.0V, 
V,e! = -10.0V, 
TA = + 25"C, Fclk = 500kHz 
unless otherwise 
noted. 


• Test Conditions 
J 
K 
L 
I Units 
Symbol 
Parameter 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


ACCURACY 


RES 
Resolution 
14 
Bits 


RES(NMC) 
Resolution 
with No 
(Notes 
1, 2, 3) 
Rm 
12 
13 
14 
Bits 
Missing 
Codes 
Tmin-Tmax 
11 
12 
13 


ILE 
Integral 
Linearity 
(Notes 
1, 2) 
Rm 
±0.018 
±0.012 
±0.009 
O/OFSR 
Error 
-Tmin-Tmax 
±0.024 
±0.020 
±0.018 


FSE 
Unadjusted 
Adjustable 
C 
Rm 
±0.10 
±0.08 
±0.08 


Full Scale Error 
to Zero 
Tmin-Tmax 
±0.12 
±0.10 
±0.10 


I 
Rm 
±0.10 
±0.08 
±0.08 
%FSR 


Tmin-Tmax 
±0.13 
±0.11 
±0.11 


M 
Rm 
±0.10 
±0.08 
±0.08 


,Tmin- 
Tmax 
±0.14 
±0.12 
±0.12 


~E 
Zero Error 
(Notes 
1,2) 
Rm 
±1 
±1 
±1 
LSB 


Tmin- 
Tmax 
±1.5 
±1.5 
± 1.5 


~NALOG 
INPUT 


~IN 
Analog 
Input Range 
0 
10.3 
0 
10.3 
0 
10.3 
V 


RIN 
Input Resistance 
(Notes2,3) 
4 
9 
4 
9 
4 
9 
kfi 


~dRIN) 
Temperature 
Tmin-Tmax 
-300 
-300 
-300 
ppml"C 
Coefficient 
of RIN 


REFERENCE 
INPUT 


~REF 
Analog 
Reference 
-10.0 
-10.0 
-10.0 
V 


RREF 
Reference 
5 
5 
5 
kfi 
Resistance 


POWER 
SUPPLY 
SENSITIVITY 


PSRR 
Power Supply 
V+, 
V = 4.5V-5.5V 
Rm 
±0.5 
±1 
±0.5 
±1 
±0.5 
±1 
LSB 


Rejection 
Ratio 
Tmin-Tmax 
±2 
±2 
±2 


LOGIC 
INPUT 


~IL 
Low State 
Tmin-Tmax 
0.8 
0.8 
0.8 
V 
Input Voltage 


~IH 
High State 
Tmin-Tmax 
2.4 
2.4 
2.4 
V 
Input Voltage 


IUH 
Logic Input Current 
0< 
VIN < V+ 
1 
10 
1 
10 
1 
10 
JLA 


CIN 
Logic Input 
15 
15 
15 
pF 
Capacitance 


ELECTRICAL 
CHARACTERISTICS 


Test Conditions: 
V+ = +5.0V, 
V- 
= -5.0V, 
Vref = -10.0V, 
TA = + 25"C, Fclk = 500kHz 
unless otherwise 
noted. 


(Continued) 


Symbol 
Parameter 
Test Conditions 
J 
K 
L 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


LOGIC OUTPUT 


VOL 
Low State Output 
lOUT = 1.6 mA 


Voltage 
Tmin-Tmax 
0.4 
0.4 
0.4 
V 


VOH 
High State Output 
lOUT = -200 
!LA 
Voltage 
Tmin-Tmax 
2.8 
2.8 
2.8 
V 


lox 
Three-State 
Output 
0< 
VOUT < V+ 
1 
1 
1 
!LA 
Current 


COUT 
Logic Output 
Capacitance 
Three~State 
15 
15 
15 
pF 


POWER 
REQUIREMENTS 


VSUPPLY Supply Voltage 
Range 
Functional 
±4.5 
±6.0 
±4.5 
±6.0 
±4.5 
±6.0 
V 
Operation 
Only 


ISUPPLY 
Supply Current 
Rm 
2 
4 
2 
4 
2 
4 
mA 


1+,1- 
Tmin-Tmax 
6 
6 
6 


NOTE 1: Full-scale 
range (FSR) is 10V (reference 
adjusted). 


2: Assume all leads soldered or welded to printed circuit board. 
3: Guaranteed, not tested. 
4: Typical values are not tested, for reference only. 
• 


1---"'- 


~ 
= DON'T CARE 


Figure 
4: Write 
Cycle 
Timing 


AC ELECTRICAL 
CHARACTERISTICS 


TEST CONDITIONS; 
V+ 
= +5.0V, 
V- 
= -5.0V, 
Vref = -10.0V, 
Felk = 500kHz, 
TA = + 25°C unless otherwise 
noted. 
Data 


derived 
from extensive 
characterization 
testing. 
Parameters 
are not production 
tested. 


Symbol 
Parameter 
Test Conditions 
I 
Min 
I 
Typ 
Max 
Units 


FIEAD CYCLE 
TIMING 


!cd 
Prop. Delay CS to Data 
RD Low, Ao Valid 
200 


tad 
Prop. Delay Ao to Data 
CS Low, RD Low 
200 


trd 
Prop. Delay RD to Data 
CS Low, Ao Valid 
200 
ns 


trx 
Prop. Delay Data to Three State 
150 


led 
Prop. Delay EOC High to Data 
200 


WRITE 
CYCLE 
TIMING 


twr 
WR Low Time 
150 
ns 


twe 
Prop. Delay WR Low to EOC Low 
Wait Mode 
1 
2 


leo 
EOC High Time 
Free-Run 
Mode 
0.5 
1.5 
l/fclk 


!cony 
Conversion 
Time 
20 


felk 
Clock Frequency 
Functional 
Operation 
Only 
500 
kHz 


PIN 
NAME 
FUNCTION 


1 
VREFf 
FORCE 
line for reference 
input. 


2 
AGNOf 
FORCE 
input for analog ground 


3 
CS 
Chip Select 
enables 
reading and writing 


(active 
low) 


4 
RO 
ReaD (active 
low) 


5 
Ao 
Byte select 
(low = DO- 07. 


high = 08 - 013. OVR) 


6 
BUS 
Bus select 
(low = outputs 
enabled 
by Ao. 


high = all outputs 
enabled 
together) 


7 
OGNO 
Digital GrouND 
return 


8 
013 
Bit 13 (most significant 
bit) 


9 
012 
Bit 12 


10 
011 
Bit 11 
High Byte 
11 
010 
Bit 10 


12 
09 
Bit9 
Output 


13 
08 
Bit8 
Data 


14 
07 
Bit7 
Bits 


15 
06 
Bit6 
(High = True) 


16 
05 
Bit 5 


17 
04 
Bit4 
Low Byte 
18 
03 
Bit3 


19 
02 
Bit2 


20 
01 
Bit1 


21 
Do 
Bit 0 (least significant 
bit) 


22 
B15 


23 
B16 
Used for programming 
only 


(Do not connect-Leave 
Open) 
24 
B17 


25 
EOC 
End Of Conversion 
flag (Iow= 
busy. 


high = conversion 
complete) 


26 
OVR 
OVerRange 
flag (valid at end of conversion 


when output 
code exceeds 
full-scale. 
three- 


state output enabled 
with high byte) 


27 
V+ 
Positive 
power supply input 


28 
PROG 
Used for programming 
only. Must tie to V + 


for normal operation 


29 
TEST 
Used for programming 
only. Must tie to V + 


for normal operation 


PIN 
NAME 
FUNCTION 


30 
OSC1 
Oscillator 
inverter 
input 


31 
OSC2 
Oscillator 
inverter 
output 


32 
TEST 
Used for programming 
only. Must tie 


to V + for normal operation. 


33 
WR 
WRite pulse input (low starts new 


conversion) 


34 
CAZ 
Auto-zero 
capacitor 
connection' 


35 
V- 
Negative 
power supply input 


36 
COMP 
Used in test, tie to V- 


37 
VINs 
SENSE 
line for input voltage 


38 
VREFs 
SENSE 
line for reference 
input 


39 
AGNOs 
SENSE 
line for analog 
ground 


40 
VINf 
FORCE line for input voltage 


CS WR RD Ao BUS 
FUNCTION 


0 
0 
x 
x 
x 
Initiates a Conversion 


1 
x 
x 
x 
x 
Disables 
all Chip Commands 


0 
x 
0 
0 
0 
Low Byte is Enabled 


0 
x 
0 
1 
0 
High By1e is Enabled 


0 
x 
0 
x 
1 
Low and High Bytes Enabled 
Together 


x 
x 
1 
x 
x 
Disables 
Outputs 
(High-Impedance) 


INPUT VOLTAGE 
EXPECTED 
OUTPUT 
CODE 


VREF= 
-10.0V 
OVR 
MSB 
LSB 


+0.00000 
0 
0 
000000000000 
0 


+0.00061 
0 
0 
000000000000 
1 


+0.29968 
0 
0 
000011110101 
1 


+4.99939 
0 
0 
1 1 1 1 1 1 1 1 1 1 1 1 
1 


+5.000 
0 
1 
000000000000 
0 


+9.99878 
0 
1 
111111111111 
0 
+9.99939 
0 
1 
111111111111 
1 


+ 10.00000 
1 
0 
000000000000 
0 
+10.00061 
1 
0 
000000000000 
1 


+ 10.29968 
1 
0 
000011110101 
1 


II).•..•. 
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~ 
DETAILED 
DESCRIPTION 


The ICL7115 
is basically 
a successive 
approximation 
AID 
converter 
with 
an 
internal 
structure 
much 
more 
complex 
than 
a standard 
SAR-type 
converter. 
Figure 
1 shows 
the 
functional 
diagram 
of 
the 
ICL7115 
14-bit 
AID 
converter. 
The 
additional 
circuitry 
incorporated 
into 
the 
ICL7115 
is 
used to perform 
error correction 
and to maintain 
the operat- 
ing speed 
in the 40,...s range. 


The 
internal 
17-bit 
DAC 
of 
the 
ICL7115 
is 
designed 
around 
a radix of 1.85 rather 
than the traditional 
2.00. This 
radix gives 
each 
bit of the 
DAC a weight 
of approximately 
54 % of the previous 
bit. The result 
is a useable 
range 
that 
extends 
to 3% 
beyond 
the full-scale 
input of the AID. The 
actual 
value 
of each 
bit is measured 
and stored 
in the on- 
chip PROM. The absolute 
value of each bit weight 
then be- 
comes 
relatively 
unimportant 
because 
of the 
error 
correc- 
tion action 
of the ICL7115. 


The output 
of the high-speed 
auto-zeroed 
comparator 
is 
fed to the data 
input 
of a 17-bit successive 
approximation 
register 
(SAR). 
This 
register 
is uniquely 
designed 
for 
the 
ICL7115 
in that 
it tests 
bit pairs instead 
of individual 
bits in 
the manner 
of a standard 
SAR. At the beginning 
of the con- 
version 
cycle, 
the 
SAR 
turns 
on the 
MSB 
(B16) and 
the 
MSB-4 
bit (B12)' The sequence 
continues 
for each bit pair, 


Bx and BX.4, until only the four LSBs remain. 
The sequence 
concludes 
by testing 
the four LSBs individually. 


The 
SAR 
output 
is fed 
to the 
DAC 
register 
and 
to the 
preprogrammed 
17-word 
by 17-bit 
PROM 
where 
it acts 
as 
PROM 
address. 
PROM data is fed to a 17-bit full-adder/ac- 


cumulator 
where the decoded 
results 
from each successive 
phase 
of the conversion 
are summed 
with the previous 
re- 
sults. 
After 
20 clock 
cycles, 
the accumulator 
contains 
the 


final binary data which 
is latched 
and sent to the three-state 
output 
buffers. 
The accuracy 
of the AID converter 
depends 
primarily 
upon the accuracy 
of the data that 
has been 
pro- 


grammed 
into the PROM 
during the final test portion 
of the 
manufacturing 
process. 


The error 
correcting 
algorithm 
built 
into the 
ICL7115 
re- 


duces 
the 
initial 
accuracy 
requirements 
of the 
DAC. 
The 
overlap 
in the testing 
of bit pairs reduces 
the accuracy 
re- 
quirements 
on the comparator 
which has been optimized 
for 
speed. Since the comparator 
is auto-zeroed, 
no external 
ad- 
justment 
is required 
to get ZERO 
code for ZERO 
input volt- 
age. 


Twenty 
clock 
cycles 
are required 
for the complete 
14-bit 
conversion. 
The 
auto-zero 
circuitry 
associated 
with 
the 


comparator 
is employed 
during 
the last three 
clock 
cycles 
of the conversion 
to cancel 
the effect 
of offset voltage. 
Also 
during this time, the SAR and accumulator 
are reset in prep- 
aration 
for the start of the next conversion. 


The 
overflow 
output 
of the 
17-bit full-adder 
is also 
the 
OVerRange 
(OVR) 
output 
of the 
ICL7115. 
Unlike 
standard 
SAR-type 
AID converters, 
the ICl7115 
has the capability 
of 
providing 
valid 
useable 
data for inputs 
that exceed 
the full- 
scale 
range 
by as much as 3%. 


OPTIMIZING 
SYSTEM PERFORMANCE 


The FORCE 
and SENSE 
inputs for VIN and VREF are also 
shown 
driven 
by external 
op-amps. 
This 
technique 
elimi- 


nates 
the effect 
of small 
voltage 
drops 
which 
can appear 
between 
the input pin of the IC package 
and the actual 
re- 
sistor 
on the 
chip. 
If the small 
gauge 
wire 
and the 
bonds 
that connect 
the chip to its package 
have more than 300m!} 
of total 
series 
resistance, 
the result 
can be a voltage 
error 
equivalent 
to 
1LSB. 
If no op-amps 
are 
used 
for 
VIN and 
VREF, connections 
should 
be made 
directly 
to the SENSE 
lines. The external 
op-amps 
also serve to transform 
the rel- 
atively 
low impedance 
at the VIN and VREF pins into a high 
impedance. 
The 
input 
offset 
voltages 
of these 
amplifiers 
should 
be kept low in order to maintain 
the overall 
AID con- 
verter 
system 
accuracy. 


When 
using 
AID 
converters 
with 
more 
than 
12 bits 
of 
resolution, 
special 
attention 
must be paid to grounding 
and 
the elimination 
of potential 
ground 
loops. A ground 
loop can 
be formed 
by allowing 
the return current 
from the ICl7115's 
DAC to flow through 
traces 
that are common 
to other 
ana- 


log circuitry. 
If care is not taken, 
this current 
can generate 
small 
unwanted 
voltages 
that 
add 
to 
or detract 
from 
the 
reference 
or input voltages 
of the A/D 
converter. 


Ground 
loops can be eliminated 
by the use of the analog 
ground 
FORCE 
and SENSE 
lines provided 
on the ICl711S 
as shown 
in Figures 
5 and 6. In Figure 5 the FORCE 
hne IS 
the only point that is connected 
to system 
analog 
ground. 
In 
Figure 
6, the op-amp 
A3 forces 
the voltage 
at AGND 
to be 
equal to analog 
system 
ground. 
The addition 
of this op-amp 
overcomes 
the 
main deficiency 
of the arrangement 
in Fig- 
ure 5: the VIN and VREF sources 
are not referenced 
to true 
analog 
system 
ground. 


The clamp 
diodes 
in Figure 6 are required 
because 
spuri- 
ous op-amp 
output 
on AGNDf 
during 
power-on 
can exceed 
the 
absolute 
max 
rating 
of 
± 1.0V 
between 
AGDf 
and 
DGND. 
The 
two 
inverse-parallel 
diodes 
clamp 
the voltage 
between 
AGNDs 
and DGND 
to ±0.7V. 


INPUT WARNING 


As with 
any CMOS 
integrated 
circuit, 
no input 
voltages 
should 
be applied 
to the ICL7115 
until the 
± 5V power 
sup- 


plies have stabilized. 


INTERFACING 
TO DIGITAL 
SYSTEMS 


The 
ICl7115 
provides 
three-state 
data 
output 
buffers, 


CS, RD, WR, and bus select 
inputs 
(Ao and BUS) for inter- 
facing 
to a wide variety 
of microcomputers 
and digital 
sys- 
tems. 
The I/O 
Control 
Truth 
Table 
shows 
the functions 
of 
the 
digital 
control 
lines. 
The 
BUS select 
and Ao lines 
are 
provided 
to enable 
the output 
data onto either 8-bit or 16-bit 
data buses. A conversion 
is initiated 
by a WR pulse 
(pin 33) 


when CS (pin 3) is low. Data is enabled 
on the bus when the 
chip is selected 
and RD (pin 4) is low. 


Figure 
7 illustrates 
a typical 
interface 
to an 8-bit 
micro- 
computer. 
The "Start 
and Wait" 
operation 
requires 
the few- 
est external 
components 
and is initiated 
by a low level 
on 
the 
WR 
input 
to 
the 
ICl7115 
after 
the 
I/O 
or 
memory- 


mapped 
address 
decoder 
has brought 
the CS input low. Af- 
ter executing 
a delay 
or utility 
routine 
for a period 
of time 
greater 
than the conversion 
time of the ICl7115, 
the proc- 
essor issues two consecutive 
bus addresses 
to read output 
data 
into two bytes 
of memory. 
A low level on Ao enables 
the lSBs 
and a high level enables 
the MSBs. 


• 


S! 
ADOfIESS IUS 
Ao 


Ao 
Ao-AN 


CS 


liD 
liD 


Wli 
WR 
ICL7t15 
.' 


IUS 


":" 


OVR 


Oa-Dr 
OrO" 


By adding 
a three-state 
buffer 
and two control 
gates, the 
End-of-Conversion 
(EOG) output 
can be used to control 
a 
"Start 
and 
Poll" 
interface 
(Figure 
8). In this 
mode, 
the Ao 
and CS lines connect 
the EOC output 
to the data bus al~ 
with the most significant 
byte of data. After 
pulsing 
the WR 
line to initiate 
a conversion, 
the microprocessor 
continually 
reads 
the 
most 
significant 
byte until it detects 
a high level 
on the 
EOC 
bit. The 
"Start 
and 
Poll" 
interface 
increases 


data throughput 
compared 
with the "Start 
and Wait" 
meth- 
od by eliminating 
delays 
between 
the conversion 
termina- 
tion and the microprocessor 
read operation. 


Other 
interface 
configurations 
can 
be used 
to increase 
data 
throughput 
without 
monopolizing 
the 
microprocessor 
during waiting 
or polling operations 
by using the EOC line as 
an interrupt 
generator 
as shown 
in Figure 
9. After 
the con- 
version 
cycle 
is initiated, 
the microprocessor 
can continue 
to execute 
routines 
that 
are independent 
of the AID 
con- 
verter 
until the converter's 
output 
register 
actually 
holds val- 
id data. 
For fastest 
data 
throughput, 
the 
ICL7115 
can 
be 


connected 
directly 
to the data bus but controlled 
by way of 


a Direct 
Memory 
Access 
(DMA) 
controller 
as shown 
in Fig- 


ure 10. 


APPLICATIONS 


Figure 
11 shows 
a typical 
application 
of the ICL7115 
14- 
bit AID 
converter. 
A bipolar 
input voltage 
range 
of + 5V to 
-5V 
is the result of using the current 
through 
R2 to force 
a 


Y2 scale offset 
on the input amplifier 
(A2)' The output 
of A2 


swings 
from OV to -5V. 
The overall 
gain of the AID 
is var- 
ied, by 
adjusting 
the 
100kfi 
trim 
resistor, 
Rs. 
Since 
the 
ICL7115 
is automatically 
zeroed 
every. conversion, 
the sys- 
tem 
gain 
and 
offset 
stability 
will 
be superb 
as long 
as a 
reference 
with 
a tempco 
of 
1ppm/'C 
and 
stable 
external 
resistors 
are used. 


In Figure 
11, note that the 0.22/-'F 
auto-zero 
capacitor 
is 


connected 
directly 
between 
the. CAl 
pin and analog 
ground 
SENSE. 
A3 forces 
the analog 
ground 
of the ICL7115 
to be 
the zero 
reference 
for the input signal. 
Its offset 
voltage 
is 
not 
important 
in this 
example 
because 
the 
voltage 
to 
be 
digitized 
is referred 
to the analog 
ground 
SENSE 
line rather 
than system 
analog ground. 
lt is important 
to note that since 
the 7115's 
DAC current 
flows 
in A1' A2 and A3 these 
ampli- 
fiers should 
be wideband 
(GBW> 
20MHz) 
types to minimize 
errors. 


The clock 
for the ICL7115 
is taken from whatever 
system 
clock 
is available 
and divided 
down 
to the 500kHz 
level for 


II).•..•. 
•••••• 
a conversion 
time of 40/-,s. Output 
data is controlled 
by the 
!:! 
BUS and Ao inputs. 
Here they are set for 8-bit bus operation 
with BUS grounded 
and Ao under the control 
of tRe address 
decode 
section 
of the external 
system. 


Because 
the 
ICL7115's 
internal 
accumulator 
generates 
accurate 
output 
data for input signals 
as much as 3% great- 
er than full-scale, 
and because 
the converter's 
OVR output 
flags overrange 
inputs, 
a simple 
microprocessor 
routine 
can 
be employed 
to precisely 
measure 
and correct 
for system 
gain and offset 
errors. 
Figure 12 shows 
a typical 
data acqui- 
sition system 
that uses a 5.0V reference, 
input signal 
multi- 
plexer, 
and 
input 
signal 
Track/Hold 
amplifier. 
Two 
of the 
multiplexer's 
input channels 
are dedicated 
to sampling 
the 
system 
analog 
ground 
and 
reference 
voltage. 
Here, 
as in 
Figure 
11, bipolar 
operation 
is accommodated 
by an offset 
resistor 
between 
the 
reference 
voltage 
and 
the 
summing 
junction 
of A1. A flip-flop 
in IC3 sets IC2'S Track/Hold 
input 
after the microprocessor 
has initiated 
a WR command, 
and 
resets 
when 
EOC goes high at the end of the conversion. 


The first step in the system 
calibration 
routine 
is to select 
the multiplexer 
channel 
that is connected 
to system 
analog 
ground 
and initiate 
a conversion 
cycle for the ICL7115. 
The 
results 
represent 
the system 
offset 
error which 
comes 
from 
the sum of the offsets 
from IC1, IC2, and A1. Next the chan- 


nel 
connected 
to 
the 
reference 
voltage 
is selected 
and 
measured. 
These 
results, 
minus 
the 
system 
offset 
error, 


represent 
the system 
full-scale 
range. 
A gain error 
correc- 
tion factor 
can be derived 
from this data. Since the ICL7115 
prOVides valid 
data 
for inputs 
that 
exceed 
full-scale 
by as 
much as 3%, the OVR output 
can be thought 
of as a valid 
15th data 
bit. Whenever 
the OVR bit is high, however, 
the 
total 
14-bit 
result 
should 
be checked 
to insure 
that 
it falls 
within 
100% 
and 103% 
of full-scale. 
Data beyond 
103% 
of 
full-scale 
should 
be discarded. 


The 
ICL7115 
provides 
an 
internal 
inverter 
which 
is 
brought 
out to pins OSC1 and OSC2, for crystal 
or ceramic 
resonator 
oscillator 
operation. 
The clock frequency 
is calcu- 
lated from: 
• 
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GENERAL DESCRIPTION 
...,\\.~,:,,\,\~,\ 
\"\\';~ATURES 


C') 
The Harris CA3304 
is a CMOS paralle~LASI#'llnalog- 
• CMOS/50S 
Low Power 
with 
Video 
Speed 
(25 mW 
C') 
to-digital 
converter 
designed 
for 
applica\iQll!l'demanding 
typ) 
~ 
both 
low-power 
consumption 
and 
high-speed 
digitization. 
• Parallel 
Conversion 
Technique 


~~g~~g 
at 
25 
MHz, 
for 
example, 
requires 
only 
about 
• Single 
Power 
Supply 
Voltage 
(3V to 7.5V) 


The CA3304 operates 
over a wide, full-scale 
signal input- 
• ~5 M~Z Sampling 
Rate (40 ns Conversion 
Time) 
at 5V 


voltalje 
range of % volt up to the DC supply voltage. Power 
u~p y 
. 
consumption 
is as low as 10 mW, depending 
upon the clock 
• 4-B,t Latched 
3-state 
Output 
with 
Overflow 
and Data 
frequency 
selected. 
Change 
Outputs 


The 
intrinsic 
high 
conversion 
rate 
makes 
the 
CA3304 
• 'I.LsB Maximum 
Nonlinearity 
(A Version) 
types 
ideally 
suited 
for digitizing 
high-speed 
signals. 
The 
• Inherent 
Resistance 
to Latch-Up 
Due to SOS 
overflow 
bit makes possible the connection 
of two or more 
Process 
CA3304s 
in series to increase the resolution 
of the conver- 
• Bipolar 
Input 
Range with 
Optional 
Second 
Supply 
sion system. 
A series connection 
of two CA3304s 
may be 
used to produce a 5-bit, 25 MHz converter. 
Operation of two 
CA3304s 
in parallel doubles the conversion 
speed (i.e., in- 
creases the sampling 
rate from 25 MHz to 50 MHz). A data 
change 
pin indicates 
when the present 
output differs from 
the previous, thus allowing compaction 
of data storage. 


Sixteen 
paralleled 
auto-balanced 
voltage 
comparators 
measure 
the input voltage 
with respect 
to a known 
refer- 
ence to produce the parallel-bit 
outputs in the CA3304. 
Fif- 
teen comparators 
are required to q'uantize all input voltage 
levels in this 4-bit converter, 
and the additional 
comparator 
is required for the overflow 
bit. 


• TV Video 
Digitizing 
(Industrial/Security) 


• High-Speed 
A/D 
Conversion 


• Ultrasound 
Signature 
Analysis 


• Transient 
Signal 
Analysis 


• High-Energy 
Physics 
Research 


• General-Purpose 
Hybrid 
ADCs 


• Optical 
Character 
Recognition 


• Radar 
Pulse Analysis 


• Motion 
Signature 
Analysis 


• Robot 
Vision 


Part 
Linearity 
Sampling 
Temperature 
Number 
(INL, DNL) 
Rate 
Range 
Package 


CA3304E 
±0.25 
LSB 
25MHz (40ns) 
-400C 
to +850C 
16 Pin Plastic DIP 


CA3304AE 
±O.125 LSB 
25MHz (40ns) 
-400C 
to +850C 
16 Pin Plastic DIP 


CA3304M 
±O.25 LSB 
25MHz (40ns) 
-400C 
to +850C 
16 Pin Plastic SOIC 


CA3304AM 
±O.125 LSB 
25M HZ (40ns) 
-400C 
to +850C 
16 Pin Plastic SOIC 


CA3304D 
±O.25 LSB 
25MHz (40ns) 
-550C 
to +1250C 
16 Pin Ceramic 
DIP 


CA3304AD 
±O.125 LSB 
25MHz (40ns) 
-550C 
to +1250C 
16 Pin Ceramic DIP 


16 LEAD 
CERAMIC 
DIP 
16 LEAD 
PLASTIC 
DIP 
16 LEAD 
SOIC 
BIT1 (lSB) 


BIT2 
2 


BI13 
3 


BIT4 
4 


DATA 
CHANGE 
(oe) 
5 


OVERflOW (Of) 
6 


CE2 
7 


Vss 
8 


16 
VDa 


15 
ClK 


14 
Vu- 


13 
VREf- 


12 
VREr+ 


11 
V1N 


10 
Vu+ 


eEl 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WAARANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPAESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOA A PARTICULAR 
USE 


ABSOLUTE 
MAXIMUM 
RATINGS 


DC Supply 
Voltage 
Range 
(Voo 
or VAA +) 


(Voltage 
Referenced 
to VSS or VAA - 
Terminal, 


Whichever, 
is More Negative) 
-0.5V 
to + 8V 


Input Voltage 
Range 
CE1, CE2 Inputs 
Vss 
- 
0.5V to Voo 
+ 0.5V 
Clock, 
VREF+, 
VREF-, 


VIN Inputs 
VAA - 
0.5V to VAA + 0.5V 


DC Input Current 
Any Input 
±20 
mA 


Power 
Dissipation 
per Package 
(Po) 
ForTA 
= -55·Cto 
+55·C 
315mW 
For TA = + 55·C to + 125·C 


....................... 
Derate Linearly 
at 3.3 mW rc 


Operating 
Temperature 
Range 
(TA) 
CA3304D, 
CA3304AD 
- 55·C to + 125·C 
CA3304E, 
CA3304AE 
- 40·C to + 85·C 


50 kll 


C~OCK 
1/11(AUTO 
BALANCE) 


15 


1/12(SAMPLE 
UNKNOWN) 


*CASCADED 
AUTO BALANCE 
(CAB) 


C 
"Ito 
C") 
Storage 
Temperature 
C") 
Range (T5t9) 
- 65·C to + 150·C 3 


Lead Temperature 
(During 
Soldering) 
At Distance 
'1'6 in. ± '132 in. 


(1.59mm 
±0.79mm) 
from Case for 10s Max 
+ 265·C 


.; 
o 
C") 
C") 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
C 
may cause permanent 
damage 
to the device. 
These are stress ratings only 
U 
and functional operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
fating conditions 
for extended peri- 


ods may affect device renabllity. 


Recommended 
Supply 
Voltage 
Range 
(Voo or VAA +) 
3V to 7.5V 


Recommended 
VAA + 


Voltage 
Range 
, 
Voo 
- 
1V to Voo 
+ 2.5V 


RecommendedN 
AA- 


Voltage 
Range 
Vss 
- 
2.5V to Vss 
+ 
1V 


• 


ENCODER 
LOGIC 
ARRAY 


0438-2 


NOTE: 
CE1 and CE2 inputs and data outputs have standard CMOS protection networks to Voo and VSS. Anaolog inputs and clock have standard CMOS 
protection 
networks 
to VAA+ and VAA 


c 
•••o 
C') 


C') 
ELECTRICAL 
CHARACTERISTICS 
atTA = 25°C, VREF+ 
= 2V, VDD = VAA+ 
= 5V, VAA- 
= VREF- 
= 
3 
Vss 
= GND, fCLK = 25 MHz unless noted otherwise. 


Test 
Limits 
Parameter 
Units 
Conditions 
Min 
Typ 
Max 


Resolution 
4 
Bits 


Input Errors 
Integral 
Linearity 
Error 
CA3304A 
±0.1 
±0.125 


CA3304 
±0.125 
±0.25 


Differential 
Linearity 
CA3304A 
±0.1 
±0.125 


Error 
CA3304 
±0.125 
±0.25 


Quantizing 
Error (Inherent) 
±0.5 
LSB 


Offset 
Error (Unadjusted) 
CA3304A 
±0.75 


CA3304 
±1.0 


Gain Error (Unadjusted) 
CA3304A 
±0.75 


CA3304 
± 1.0 


Input Range 
VREF+ 
Range 
(Note 4) 
VAA - + 0.5 
VAA+ 


VREF- 
Range 
(Note 4) 
VAA- 
VAA+ 
- 
0.5 
V 


Full-Scale 
Input Range 
(Note 1,4) 
0.5 
VAA 


Input Loading 
Input Capacitance 
10 
pF 


Input Current 
VIN = 2.0V (Note 2) 
150 
200 
iJ-A 


Resistor 
Ladder 
Impedance 
VIN = 5V, 
640 
960 
n 
CLK = Low 


Conversion 
. 
Maximum 
eonversion 
Speed 
CLK = Square Wave 
25 
30 
MSPS 
Timing 
Auto-Balance 
Time (<1>1) 
20 
00 


Sample 
Time (<1>2) 
20 
5000 
ns 


Aperture 
Delay 
3 


Allowable 
Input Bandwidth 
(Note 4) 
DC 
fCLK/2 
MHz 


-3 
dB Input Bandwidth 
40 


Output Timing 
Data Valid Delay 
(Note 4) 
30 
40 


Data Hold Time 
(Note 4) 
15 
25 
ns 
Output 
Enable Time 
15 


Output 
Disable Time 
10 


Device Current, 
IAA 
Continuous 
Clock 
5.5 


Continuous 
<1>2 
0.4 
mA 


Continuous 
<1>1 
2 


ELECTRICAL 
CHARACTERISTICS 
atTA = 25°C, VREF+ = 2V, Voo = VAA+ = 5V, VAA- 
= VREF- 


Vss 
= GND, fCLK = 25 MHz unless noted otherwise. 
(Continued) 


Test 
Limits 
Parameter 
Conditions 
Units 
Min 
Typ 
Max 


Device Current, 
100 
Continuous 
Clock 
1.5 


VAA+ = 5V, 
Continuous 
</>2 
5 
10 
mA 
VSS = CEI = VAA- 
= CLK = GND 


VAA+ = 7V 
Continuous 
</>1 
5 
20 


Digital Inputs 
Maximum 
VIN, Low 
CLOCK 
(Note 3,4) 
0.3 XVAA 


CE1, CE2 
(Note 4) 
0.3 xVoo 
V 
Minimum 
VIN, High 
CLOCK 
(Note 3, 4) 
0.7xVAA 


CE1, CE2 
(Note 4) 
0.7xVoo 


Input Leakage, 
except 
CLK 
V = OV,5V 
±1 
p.A 
Input Leakage, 
CLK 
(Note 3) 
±100 
±150 


Digital Outputs 
Output 
Low (Sink) Current 
Vo = OAV 
6 
mA 
Output 
High (Source) 
Current 
Vo = 4.6V 
-3 


3-State 
Leakage 
Current 
Vo = OV, 5V 
±0.2 
±5 
p.A 


NOTES 
1: Full-scale 
input 
range, 
VAEF+ 
- 
VREF-. 
may 
be 
in the 
range 
of O.5V to V AA + 
- 
V AA - 
volts. 
Linearity 
errors 
increase 
at 
lower 
futl-scale 
ranges. 


however. 


2: 
Input 
current 
is due 
to energy 
transferred 
to the 
input 
at the 
start 
of the 
sample 
period. 
The 
average 
value 
is dependent 
on 
input 
and 
Voo 
voltage. 


3: 
The 
eLK input 
is a CMOS 
inverter 
with 
a 50 kfi feedback 
resistor. 
It operates 
from 
the V AA + and 
V AA - 
supplies. 
It may 
be AC·coupled 
with 
a 1V peak- 


to-peak 
minimum 
source. 


4: 
Parameter 
not 
tested, 
but guaranteed 
by design 
or characterization. 


DATA 
SHlmD 
INTO 
OUTPUT 
REGISTERS 


COMPARATOR 
DATA 
LATCHED 


1 


CLOCK 
o 


4>1 


AUTO 
8ALANCE 


1 
81-84, DC&: or 
o 
• 


co) 
oC 
j~ 1 


() 
CEI 
.; 


htDls 
ltEN 


0~ 
CE2 
~ 
oC 
() 
HIGH 
HIGH 
BITS 1-4 
It.4PEDANCE 
It.4PEDANCE 


HIGH 


DC,OF 
It.4PEDANCE 


0438-4 


SAt.4PLE ENOS~ 


CLOCK ~\ 
.2.1.2 


TD~ 
OUTPUT ~ 
••• 
: ---O-L-O-O-AT-A------ 
NEW OATA 


(a) 


CLOCK -..., 


OUTPUT~ 


~ 
OUTPUT ~ 


Wi1h 
4>2 as standby 
state 
(indefinite 
standby, 
lower 
power 
than 
5b) 


Figure 5: Pulse-Mode Timing Diagrams 


Pin 
Name 
Description 


1 
Bit1 
Bit 1 (lSB) 


2 
Bit2 
Bit2 
Output 
3 
Bit3 
Bit3 
Data 


4 
Bit4 
Bit4(MSB) 
Bits 


(High = True) 
5 
DC 
Data Change 


6 
OF 
Overflow 


7 
CE2 
Three-state 
output enable 
input, 


active 
low. See Table 2. 


8 
Vss 
Digital Ground 


9 
CE1 
Three-state 
output 
enable 
input, 


active high. See Table 2. 


10 
VAA+ 
Analog 
power supply, 
+ 5V 


11 
VIN 
Analog 
signal input 


12 
VREF+ 
Reference 
Voltage 
Positive 
Input 


13 
VREF- 
Reference 
Voltage 
Negative 
Input 


14 
VAA- 
Analog 
Ground 


15 
ClK 
Clock Input 


16 
Voo 
Digital Power Supply, + 5V 


CE1 
CE2 
Bit 1-Bit4 
DC,OF 


0 
1 
Valid 
Valid 


1 
1 
Three-State 
Valid 


X 
0 
Three-State 
Three-State 


DEVICE OPERATION 


A sequential 
parallel 
technique 
is used 
by the 
CA3304 


converter 
to obtain 
its high-speed 
operation. 
The sequence 
consists 
of the "Auto 
Balance" 
phase and the "Sample 
Un- 


known" 
phase 
(Refer 
to the circuit 
diagram). 
Each conver- 


sion takes 
one clock 
cycle.' 
The "Auto 
Balance" 
(<1>1)oc- 
curs 
during 
the 
low 
period 
of 
the 
clock 
cycle, 
and 
the 
"Sample 
Unknown" 
(<1>2)occurs 
during 
the 
High period 
of 
the clock 
cycle. 


·Note: 
This device requires only a single-phase clock. The terminology of 
~ 1 and 1'2 refers to the High and Low periods of the same clock. 


c••o 
CO) 
During 
the 
"Auto 
Balance" 
phase, 
a transmission-gate 
CO) 
switch 
is used to connect 
each 
of 16 commutating 
capaci- 
C 
tors to their associated 
ladder reference 
tap. Those 
tap volt- 
() 
ages will be as follows: 
.; 


Vtap(N) = [(VREF/16) 
x N] - 
[VREF/(2 
X 16)] 
g 


= VREF [(2N - 
1)/32J 
CO) 


Where: 
Vtap(N) 
= Reference 
ladder tap voltage 
at point N. 3 


VREF = Voltage 
across 
VREF- 
to VREF+ 


N = Tap number 
(1 through 
16) 


The other 
side of the capacitor 
is connected 
to a single- 
stage inverting 
amplifier 
whose 
output 
is shorted 
to its input 


by a switch. 
This biases the amplifier 
at its intrinsic 
trip point, 


which 
is approximately 
(Voo 
- 
Vss)/2. 
The capacitors 
now 
charge 
to their 
associated 
tap voltages, 
priming 
the circuit 


for the next phase. 


In the "Sample 
Unknown" 
phase, 
all ladder 
tap switches 
are opened, 
the comparator 
amplifiers 
are no longer 
short- 


ed, and VIN is switched 
to all 16 capacitors. 
Since the other 
end of the capacitor 
is now looking 
into an effectively 
open 
circuit, 
any voltage 
that differs 
from the previous 
tap voltage 


will appear 
as a voltage 
shift 
at the comparator 
amplifiers. 


All comparators 
whose 
tap voltages 
were 
lower 
than 
VIN 
will drive the comparator 
outputs 
to a "low" 
state. 
All com- 
parators 
whose 
tap voltages 
were higher than VIN will drive 


the comparator 
outputs 
to a "high" 
state. A second, 
capaci- 
tor-coupled, 
auto-zeroed 
amplifier 
further 
amplifies 
the out- 


puts. 


The status 
of all these 
comparator 
amplifiers 
are stored 
at the end of this phase (<1>2),by a secondary 
latching 
ampli- 
fier stage. Once latched, 
the status of the 16 comparators 
is 


decoded 
by a 16-to-5-bit 
decode 
array and the results 
are 
clocked 
into a storage 
register 
at the rising edge of the next 
<1>2. 


If the 
input 
is greater 
than 
31/32 
x VREF, the 
overflow 
output 
will go "high". 
(The bit outputs 
will remain 
high). 
If 
the output 
differs 
from that of the previous 
conversion, 
the 


data change 
output 
will go "high". 


A 3-state 
buffer 
is used 
at the 
output 
of the 
7 storage 
registers 
which 
are controlled 
by two 
chip-enable 
signals. 


CE1 will independently 
disable 
B1 through 
B4 when it is in a 


high state. 
CE2 
will independently 
disable 
B1 through 
B4 


and the OF and DC buffers 
when 
it is in the low state. • 


CONTINUOUS 
CLOCK OPERATION 


One 
complete 
conversion 
cycle 
can 
be traced 
through 
the CA3304 
via the following 
steps. (Refer to timing diagram 
Figure 
3). The 
rising 
edge 
of the 
clock 
input 
will 
start 
a 
"sample" 
phase. 
During 
this 
entire 
"High" 
state 
of 
the 
clock, 
the 
16 comparators 
will track 
the input voltage 
and 


the 16 latches 
will track the comparator 
outputs. 
At the fail- 


ing edge 
of the clock, 
all 16 comparator 
outputs 
are cap- 
tured by the 16 latches. 
This ends the "sample" 
phase 
and 
starts 
the "auto 
balance" 
phase 
for the comparators. 
Dur- 


ing this "low" 
state 
of the clock 
the output 
of the latches 


propagates 
through 
the decode 
array and a 6-bit code 
ap- 
pears 
at the 
D inputs 
of the output 
registers. 
On the 
next 


rising 
edge 
of the clock, 
this 6-bit 
code 
is shifted 
into the 


output 
registers 
and appears 
with time delay td as valid data 


at the output 
of the 3-state 
drivers. 
This also marks the start 
of a new "sample" 
phase, thereby 
repeating 
the conversion 
process 
for this next cycle. 


C 
''Ito 
C') 
~ 
PULSE MODE OPERATION 
U 
For sampling 
high-speed 
nonrecurrent 
or transient 
data, 


.; 
the converter 
may be operated 
in a pulse 
mode 
in one of 
o 
threE) ways. 
The fastest 
method 
is to keep thE) converter 
in 


C') 
the Sample 
Unknown 
phase, 
<1>2,during 
the standby 
state. 
C') 
The 
device 
can 
now 
be pulsed 
through 
thE) Auto 
Balance 
C 
phase 
with as little 
as 20ns. 
The analog 
value 
is captured 
U 
on the leading 
edge of <1>1and is transferred 
into the output 
registers 
on the trailing 
edge of <1>1.We are now back in the 
standby 
state, 
<1>2,and another 
conversion 
can be started 
within 
20ns, 
but 
not 
later 
than 
S/-,s due 
to 
the 
eventual 
droop 
of the commutating 
capacitors. 
Another 
advantage 
of 
this method 
is that it has the potential 
of having 
the lowest 
power 
drain. 
The larger the time ratio between 
<1>2and <I>1, 
the lower the power 
consumption. 
(See timing 
diagram 
Fig- 
ure 5a). 


The second 
method 
uses the Auto Balance 
phase, <1>1,as 
the standby 
state. In this state the converter 
can stay indefi- 
nitely 
waiting 
to start 
a conversion. 
A conversion 
is per- 
formed 
by strobing 
the clock 
input with two <1>2pulses. 
The 
first 
pulse 
starts 
a Sample 
Unknown 
phase 
and 
captures 
the 
analog 
value 
in the comparator 
latches 
on the trailing 
edge. A second 
<1>2pulse is needed 
to transfer 
the date into 
the output 
registers. 
This occurs 
on the leading 
edge of the 
second 
pulse. The conversion 
now takes 
place 
in 40ns, but 
the repetition 
rate may be as slow as desired. 
The disadvan- 
tage to this method 
is the slightly 
higher 
device 
dissipation 
due to the low ratio of <1>2to <I>1. (See timing diagram 
Figure 
Sb). 


For applications 
requiring 
both indefinite 
standby 
and low- 
est 
power, 
standby 
can 
be in the 
<1>2(Sample 
Unknown) 
state with two <1>1pulses 
to generate 
valid data (see Figure 
Sc). The conversion 
process 
now takes 60ns. [Note 
that the 
above 
numbers 
do not include 
the tD (Output 
Delay) time.] 


INCREASED 
ACCURACY 


In most cases the accuracy 
of the CA3304 
should 
be suf- 
ficient 
without 
any adjustments. 
In applications 
where 
accu- 
racy is of utmost 
importance, 
two adjustments 
can be made 
to obtain 
better 
accuracy; 
i.e., offset 
trim and gain trim. 


OFfSET 
TRIM 


In general 
offset 
correction 
can 
be done 
in the 
preamp 


circuitry 
by introducing 
a DC shift to VIN or by the offset 
trim 
of the op-amp. 
When 
this is not possible 
the VREF- 
input 
can be adjusted 
to produce 
an offset 
trim. 


The theoretical 
input voltage 
to produce 
the first transition 
is % LSB. The equation 
is as follows: 


VIN (0 to 1 transition) 
= % LSB = % (VREF/16) 


= VREF/32 


Adjust 
offset 
by applying 
this input voltage 
and adjusting 
the VREF- 
voltage 
or input 
amplifier 
offset 
until an output 
code 
alternating 
between 
0 and 1 occurs. 


GAIN TRIM 


In general 
the gain trim can also be done 
in the preamp 
circuitry 
by introducing 
a gain adjustment 
for the 
op-amp . 
When 
this 
is not 
possible, 
then 
a gain 
adjustment 
circuit 
should 
be made to adjust the reference 
voltage. 
To perform 
this trim, VIN should 
be set to the 1S to overflow 
transition. 
That voltage 
is % LSB less than 
VREF+ 
and is calculated 
as follows: 


VIN (1S to 16 transition) 
= VREF - 
VREF/32 


= VREF (31/32) 


To perform 
the gain trim, first do the offset 
trim and then 
apply the required 
VIN for the 1S to overflow 
transition. 
Now 
adjust 
VREF+ 
until that transition 
occurs 
on the outputs. 


LAYOUT, INPUT AND SUPPLY 
CONSIDERATIONS 


The 
CA3304 
should 
be 
mounted 
on 
a ground-planed, 


printed-circuit 
board, 
with 
good 
high-frequency 
decoupling 
capacitors 
mounted 
as close 
as possible. 
If the 
supply 
is 
noisy, decouple 
VAA + with a resistor 
as shown 
in Figure 6a. 
The CA3304 
outputs 
current 
spikes 
to its input at the start 
of the auto-balance 
and sample 
clock 
phases. 
A low imped- 
ance 
source, 
such as a locally-terminated 
son 
coax cable, 
should 
be used 
to drive 
the 
input 
terminal. 
A fast-settling 
buffer such as the HA-S033, 
HA-5242, 
or CA34S0 should 
be 
used if the source 
is high impedance. 
The VREF terminals 
also have current 
spikes, 
and should 
be well bypassed. 


Care 
should 
be taken 
to keep 
digital 
signals 
away 
from 
the analog 
input, 
and to keep digital 
ground 
currents 
away 
from 
the 
analog 
ground. 
If possible, 
the 
analog 
ground 
should 
be connected 
to digital ground 
only at the CA3304. 


BIPOLAR OPERATION 


The 
CA3304, 
with 
separate 
analog 
(VAA +, 
VAA-) 
and 
digital 
(VDD, Vss) 
supply 
pins, allows 
true bipolar 
or nega- 
tive 
input 
operation. 
The 
VAA - 
pin may be returned 
to a 
negative 
supply 
(observing 
maximum 
voltage 
ratings 
to 
VAA + or VDD and recommended 
rating to Vss), 
thus allow- 
ing 
the 
VREF- 
potential 
also 
to 
be 
negative. 
Figure 
6b 
shows 
operation 
with an input range of -1V 
to + 1V. Simi- 
larly, 
VAA + 
and 
VREF + 
could 
be maintained 
at a higher 
voltage 
than VDD, for an input range 
above 
the digital 
sup- 
ply. 


DIGITAL 
INPUT AND OUTPUT LEVELS 


The 
clock 
input 
is a CMOS 
inverter 
operating 
from 
and 
with 
logic 
input 
levels 
determined 
by the 
VAA supplies. 
If 
VAA + or VAA- 
are outside 
the range of the digital supplies, 
it may be necessary 
to level shift the clock 
input to meet the 
required 
30% 
to 70% 
of VAA input swing. 
Figure 
6b shows 
an example 
for a negative 
VAA -. 


An alternate 
way 
of driving 
the 
clock 
is to capacitively 
couple 
the pin from 
a source 
of at least 
1V peak-to-peak. 
An internal 
SO kn feedback 
resistor 
will keep the DC level at 
the 
intrinsic 
trip 
point. 
Extremely 
non-symmetrical 
clock 
waveforms 
should 
be avoided, 
however. 


The remaining 
digital inputs and outputs 
are referenced 
to 
VDD and Vss· 
If TTL or other 
lower 
voltage 
sources 
are to 
drive the CA3304, 
either 
pull-up 
resistors 
or CD74HCT 
se- 
ries "OMOS" 
buffers 
are recommended. 


5-BIT RESOLUTION 


To obtain 5-bit resolution, 
two CA3304s 
can be wired to- 
gether. 
Necessary 
ingredients 
include 
an open-ended 
lad- 
der network, 
an overflow 
indicator, 
three-state 
outputs, 
and 
chip-enable 
controls-all 
of 
which 
are 
available 
on 
the 
CA3304. 


The first step for connecting 
a 5-bit circuit is to totem-pole 
the 
ladder 
networks, 
as illustrated 
in Figure 
7. Since 
the 
absolute-resistance 
value of each ladder may vary, external 
trim of the mid-reference 
voltage 
may be required. 


The overflow 
output 
of the lower device 
now becomes 
the fifth bit. When it goes high, all counts 
must come from 
the upper device. When it goes low, all counts 
must come 
from the lower device. 
This is done 
simply 
by connecting 
the lower overflow 
signal to the CEl 
control 
of the lower 
AID 
converter 
and the CE2 control 
of the upper AID 
con- 
verter. 
The three-state 
outputs 
of the two devices 
(bits 1 
through 
4) are now connected 
in parallel 
to complete 
the 
circuitry. 
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Figure 
7:, Typical 
CA3304 
5-Bit 
Configuration 


B5 MSB 


B4 


B3 


B2 


Bl 


Input 
Voltage 
(V) 
Output 
Code 
Decimal 
Code 
Description 
VREF+ 
= W 
1.6V 
2V 
3.2V 
4.8V 
OF 
B4 
83 
82 
B1 
Count 


VREF- 
= -w 
OV 
OV 
OV 
OV 


Zero 
-1.000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 LSB 
-0.875 
0.1 
0.125 
0.2 
0.3 
0 
0 
0 
0 
1 
1 


2 LSB 
-0.750 
0.2 
0.250 
0.4 
0.6 
0 
0 
0 
1 
0 
2 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


% FuJI Scale 
- 
1 LSB 
-0.125 
0.7 
0.875 
1.4 
2.1 
0 
0 
1 
1 
1 
7 


% FuJI Scale 
0 
0.8 
1.000 
1.6 
2.4 
0 
1 
0 
0 
0 
8 


% FuJI Scale + 1 LSB 
0.125 
0.9 
1.125 
1.8 
2.7 
0 
1 
0 
0 
1 
9 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
FuJI Scale 
- 
1 LSB 
0.750 
1.4 
1.750 
2.8 
4.2 
0 
1 
1 
1 
0 
14 


FuJI Scale 
0.875 
1.5 
1.875 
3.0 
4.5 
0 
1 
1 
1 
1 
15 
Overflow 
1.000 
1.6 
2.000 
3.2 
4.8 
1 
1 
1 
1 
1 
31 


Step Size 
0.125 
0.1 
0.125 
0.2 
0.3 


OVERFLOW 


15 


14 


13 


12 


11 


10 
I- 
Z 
9 
::>0u 
-' 
8 
« 
::EU 
7 
.... 
C> 
6 


5 


4 


3 


2 


0 


V4 
V5 
V6 
V7 
Va 
Vg 
V,0 
V" 
V12 
V13 
V14 
V15 
V,6 


INPUT VOLTAGE 


OPERATING 
AND HANDLING 
CONSIDERATIONS 


1. HANDLING 


All inputs 
and outputs 
of CMOS 
devices 
have a network 
for electrostatic 
protection 
during 
handling. 
Recommended 
handling 
practices 
for 
CMOS 
devices 
are 
described 
in 
ICAN-6525. 
"Guide 
to 
Better 
Handling 
and 
Operation 
of 
CMOS 
Integrated 
Circuits." 


2. OPERATING 


Operating 
Voltage 


During 
operation 
near the maximum 
supply 
voltage 
limit, 
care 
should 
be taken 
to avoid 
or suppress 
power 
supply 
turn-on 
and 
turn'off 
transients, 
power 
supply 
ripple, 
or 


ground 
noise; 
any of these 
conditions 
must 
not cause 
the 


power supply voltages 
to exceed 
the absolute 
maximum 
rat- 


ing. 


Input Signals 


To prevent 
damage 
to the 
input 
protection 
circuit, 
input 
signals 
should 
never be greater 
than Voo or VAA + nor less 
than 
Vss 
or VAA- 
(depending 
upon which 
supply 
the pro- 
tection 
network 
is referenced. 
See Maximum 
Ratings). 
Input 
currents 
must not exceed 
20 mA even when the power 
sup- 


ply is off. 


Unused 
Inputs 


A connection 
must be provided 
at every input terminal. 
All 
unused 
input terminals 
must be connected 
to either 
Voo 
or 
Vss, 
whichever 
is appropriate. 


Output 
Short Circuits 


Shorting 
of outputs 
to any supply 
potential 
may damage 


CMOS 
devices 
by exceeding 
the maximum 
device 
dissipa- 
tion. 
• 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The Harris CA3306 
family are CMOS parallel 
(FLASH) 
an- 
alog-to-digital 
converters 
designed 
for applications 
demand- 


ing both 
low-power 
consumption 
and 
high-speed 
digitiza- 
tion. Digitizing 
at 15 MHz, for example, 
requires 
only about 
50mW. 


The CA3306 
family operates 
over a wide, full-scale 
signal 
input-voltage 
range of 1V up to the DC supply voltage. 
Pow- 
er consumption 
is as low as 15 mW, depending 
upon 
the 
clock 
frequency 
selected. 
The CA3306 
types may be direct- 
ly retrofitted 
into CA3300 
sockets, 
offering 
improved 
lineari- 
ty at a lower 
reference 
voltage 
and higher 
operating 
speed 
with a 5V supply. 


The, intrinsic 
high 
conversion 
rate 
makes 
the 
CA3306 
types 
ideally 
suited 
for 
digitizing 
high-speed 
.signals. 
The 
overflow 
bit makes 
possible 
the connection 
of two or more 
CA3306s 
in series 
to increase 
the resolution 
of the conver- 
sion system. 
A series 
connection 
of two CA3306s 
may be 
used to produce 
a 7-bit high-speed 
converter. 
Operation 
of 
two CA3306s 
in parallel 
doubles 
the conversion 
speed 
(i.e., 


increases 
'the sampling 
rate from 
15 MHz to 30 MHz). 


Sixty-four 
paralleled 
auto-balanced 
comparators 
measure 
the input voltage 
with respect 
to a known 
reference 
to pro- 
duce 
the 
parallel-bit 
outputs 
in the 
CA3306. 
Sixty-three 
comparators 
are required 
to quantize 
all input voltage 
levels 
in this 6-bit converter, 
and the additional 
comparator 
is re- 
qUired for the overflow 
bit. 


20 Pin SOIC 
Top View 


CA3306, CA3306A, 
CA3306C 


.CMOS Video-Speed 6-Bit Flash 
Analog-to-Digital 
Converter 


FEATURES 


• CMOS 
Low 
Power 
with 
Video 
Speed 
(-70 
mW typ) 


• Parallel 
Conversion 
Technique 


• Signal 
Power 
Supply 
Voltage 
(3V to 7.5V) 


• 15·MHz 
Sampling 
Rate 
with 
Single 
5V Supply 


• 6-Bit 
Latched 
3-State 
Output 
with 
Overflow 
Bit 


• Pin-For-Pin 
Retrofit 
for 
the 
CA3300 


APPLICATIONS 


• TV Video 
Digitizing 


• High-Speed 
A/D 
Conversion 


• Ultrasound 
Signature 
Analysis 


• Transient 
Signal 
Analysis 


• High-Energy 
Physics 
Research 


• High-Speed 
Oscilloscope 
Storage/Display 


• General-Purpose 
Hybrid 
ADCs 


• Optical 
Character 
Recognition 


• Radar 
Pulse 
Analysis 


• Motion 
Signature 
Analysis 


• Robot 
Vision 
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HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARRANTY 
OBLIGATION 
WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY 
AATIClE 
OF THE 


CONDITION 
OF SALE. 
THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 
DC Supply-Voltage 
Range, 
(Voo) 
(Voltage 
Referenced 
to Vss Terminal) 
-O.SV 
to + 8.SV 


Input Voltage 
Range 
All Inputs except 
Zener 
-O.SV 
to Voo + O.SV 


DC Input Current 
CLK, PH, CE1, CE2, VIN 
± 20 mA 


Power 
Dissipation 
per Package 
(Po): 
For TA = - SS·C to + SS·C 
31S mW 
For TA = + SS·C to + 12S·C 
. . Derate 
Linearly 
at 3.3 mW/"C 


Storage 
Temperature 
Range 
(TSTG) .... 
- 6S·C to + lS0·C 


Lead Temperature 
(During 
Soldering): 
At Distance 
'116 ± %2 in. (1.S9 ± 0.79 mm) from 
Case for 10s Max. ..... 
.. + 26S·C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
to the device. 
These arB stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum raling conditions 
for extended peri- 


ods 
may 
affect 
device 
reliability. 


Recommended 
Supply Voltage 
Range 
3V to 8V 


Operating 
Temperature 
Range 
(TA): 


Ceramic 
Package-D 
Suffix 
- SS·C to + 12S·C 
Plastic 
Package-E 
Suffix 
- 40·C to + 8S·C 


CLOCK~K 
"2 
(SAMPLE. 
UNKNOWN) 


PHASE0- 
_,(AUTO 
BALANCE) 


6.2 v 
NOMINAL 
~~ON~: 
0 
frt 
VS5 


COMPARATOR 
LATCHES 
AND 
ENCODER 
LOGIC 
• 


Test Conditions 
Limits 
Units 
Parameter 
Min 
Typ 
Max 


Resolution 
6 
Bits 


Integral 
Linearity 
Error 
3306,3306C 
±0.25 
±0.5 


3306A 
±0.2 
±0.25 


Differential 
Linearity 
Error 
3306,3306C 
±0.25 
±0.5 


3306A 
±0.2 
±0.25 


Quantizing 
Error 
Inherent 
±0.5 
LSB 


Offset 
Error 
3306,3306C 
(Note 1) 
±0.5 
±1 


3306A 
±0.25 
±0.5 


Gain Error 
3306,3306C 
(Note 2) 
±0.5 
±1 


3306A 
±0.25 
±0.5 


Positive 
Full Scale Input Range 
(Note 3, 4) 
1 
4.8 
Voo + 0.5 
V 
Negative 
Full Scale Input Range 
(Note 3, 4) 
-0.5 
0 
Voo 
- 
1 


Input Capacitance 
15 
pF 


Input Current 
VIN = 4.92V, Voo = 5V 
±500 
I-'A 


Resistor 
Ladder 
Impedaoce 
650 
1100 
1550 
n 


Maximum 
Conversion 
Speed 
3306C 
10 
13 


3306,3306A 
15 
20 
MSPS 
Maximum 
Conversion 
Spe-ed 
3306C 
(Note 4) 
12 


3306,3306A 
4>1, 4>2 " 
Minimum 
18 


Auto Balance 
Time (4)1) 
3306C 
50 
00 


3306,3306A 
33 
00 


Sample 
Time (4)2) 
3306C 
(Note 4) 
33 
5000 
ns 


3306,3306A 
22 
5000 


Aperture 
Delay 
8 


Aperture 
Jitter 
100 
psp_p 


Allowable 
Input Bandwidth 
(Note 4) 
DC 
fCLOCK/2 
MHz 


-3 
dB Input Bandwidth 
30 


Output 
Data Valid Delay (To) 
3306C 
35 
50 


3306,3306A 
30 
40 


Output 
Data Hold Time 
(TH) 
(Note 4) 
15 
25 
ns 
-- 


Output 
Enable Time 
(TEN) 
20 


Output 
Disable Time 
(ToIS) 
15 


100 Current, 
Refer to Figure 3 
3306C 
Continuous 
Conversion 
11 
20 


3306,3306A 
(Note 4) 
14 
25 
mA 


100 Current 
Continuous 
4>1 
7.5 
15 


Maximum 
VIN, Logic 0 
All Digital Inputs (Note 4) 
0.3XVoo 
V 
Minimum 
VIN, Logic 1 
All Digital Inputs (Note 4) 
0.7XVoo 


ELECTRICAL 
CHARACTERISTICS 
@ TA = 25° C, VOO = 5V, VREF+ = 4.8V, VSS = VREF- 
= GND, Clock 


= 15 MHz Square Wave for CA3306 or CA3306A, 
10 MHz for CA3306C (Continued) 


Limits 
Units 
Parameter 
Test Conditions 
Min 
Typ 
Max 


Digital Input Current 
Except CLK, VIN = OV,5V 
±1 
±5 


Digital Input Current 
CLKOnly 
±100 
±200 
",A 


Digital Output 3-State Leakage 
VOUT = OV,5V 
±1 
±5 


Digital Output Source Current 
VOUT = 4.6V 
-1.6 
mA 
Digital Output Sink Current 
VOUT = O.4V 
3.2 


Zener Voltage 
Iz = 10mA 
5.4 
6.2 
7.4 
V 


Zener Dynamic Impedance 
Iz = 10 mA, 20 mA 
12 
25 
n 


Gain Temperature 
Coefficient 
+0.1 


Offset Temperature 
Coefficient 
-0.1 
mVrC 


Zener Temperature 
Coefficient 
-0.5 


NOTES 1: OFFSET 
ERROR is the difference 
between the input voltage that causes the 00 to 01 output code transition 
and (VAEF+ 
- 
VREF-)/126. 


2: 
GAIN ERROR is the difference 
the input voltage that causes the 3F16 to overflow 
output code transition 
and (VREF+ 
- 
VREF-) 
x 
127/128. 


3: 
The total input voltage range. set by VREF+ and VREF~. may be in the range of 1 to (VOD + 1) V. 


4: 
Parameter 
not tested, but guaranteed 
by design or characterization. 


Part 
Linearity 
Sampling 
Temperature 
Package 
Number 
(INL, DNL) 
Rate 
Range 


CA3306E 
±0.5 LSB 
15 MHz (67 ns) 
-400C 
to +850C 
18-Pin 
Plastic DIP 
CA3306AE 
±0.25 
LSB 
15 MHz (67 ns) 
-400C 
to +850C 
18-Pin 
Plastic DIP 
CA3306CE 
+0.5 LSB 
10MHz(100ns) 
-40°C 
to +850C 
18-Pin 
Plastic DIP 


CA3306M 
±0.5 LSB 
15MHz(67ns) 
-400C 
to +850C 
20-Pin 
Plastic SOIC 
CA3306CM 
+0.5 LSB 
10MHz(100ns) 
-400C 
to +850C 
20-Pin 
Plastic SOIC 


CA3306D 
±0.5 LSB 
15 MHz (67 ns) 
-550C 
to +1250C 
18-Pin 
Ceramic DIP 
CA3306AD 
±0.25 
LSB 
15 MHz (67 ns) 
-550C 
to +1250C 
18-Pin 
Ceramic DIP 
CA3306CD 
±0.5 LSB 
10MHz(100ns) 
-550C 
to +1250C 
18-Pin 
Ceramic DIP 
CA3306J3 
±0.5 LSB 
15 MHz (67 ns) 
-550C 
to +1250C 
20-Pin 
LCC 
CA3306CJ3 
±0.5 LSB 
10 MHz (100 ns) 
-550C 
to +1250C 
20-Pin 
LCC 
• 
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0193-4 
Typical Maximum Ambient Temperature 
as a Function of Supply Voltage 
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Typical Non-Linearity 
as a 
Function of Clock Speed 
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+15 
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SUPPLY 
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0193-9 


Typical Maximum Clock Frequency as a 
Function of Supply Voltage 
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Z_:Y1 
+_' __ 
-T_O-,l:=-+-Z ---- 


OUTPUT=: 
OLDO'T' 
1"'-'-"'-O-'-T-'-- 


0193-14 


With ~1 as Standby State (Indefinite Standby, Double Pulse Needed) 


0193-15 


With 
4>2 as Standby 
State 
(Indefinite 
Standby, 
Lower 
Power 
Than 
6(b) 
Figure 6: Pulse-Mode Timing Diagrams 


NOTE: 
Phase 
Control 
is low for all diagrams. 


Pin 
Name 
Description 


1 
B6 
Bit 6, Output 
(MSB) 


2 
OF 
Overflow, 
Output 


a 
Vss 
Digital Ground 


4 
Vz 
Zener 
Reference 
Output 


5 
CE2 
Three-state 
Output 
Enable 
Input, 


Active 
low. 
See Table 2. 


6 
CE1 
Three-state 
Output 
Enable 
Input, 


Active 
High. See Table 2. 


7 
ClK 
Clock Input 


8 
PHASE 
Sample 
clock phase control 
input. 


When PHASE is low, "Sample 
Unknown" 
occurs 
when the clock 
is low and "Auto 
Balance" 
occurs 
when the clock is high (see text). 


9 
VREF+ 
Reference 
Voltage 
Positive 
Input 


10 
VREF- 
Reference 
Voltage 
Negative 
Input 


11 
VIN 
Analog 
Signal Input 


12 
Voo 
Power Supply, + 5V 


1:J 
B1 
Bit 1, Output 
(lSB) 


14 
B2 
Bit 2, Output 


15 
Ba 
Bit a, Output 


16 
REF (ctr) 
Reference 
ladder 
Midpoint 


17 
B4 
Bit 4, Output 


18 
B5 
Bit 5, Output 


CEl 
CE2 
Bl-B6 
OF 


0 
1 
Valid 
Valid 


1 
1 
Three-state 
Valid 


X 
0 
Three-state 
Three-state 


DEVICE OPERATION 


A sequential 
parallel 
technique 
is used 
by the 
CA3306 
converter 
to obtain 
its high-speed 
operation. 
The sequence 
consists 
of the "Auto 
Balance" 
phase 
<1>1and the "Sample 
Unknown" 
phase 
<1>2.(Refer 
to the 
circuit 
diagram.) 
Each 
conversion 
takes 
one clock 
cycle.' 
With the phase 
control 
low, the "Auto 
Balance" 
(<1>1)occurs 
during the High period 
of the clock 
cycle, 
and the "Sample 
Unknown" 
(<1>2)occurs 
during the low period 
of the clock 
cycle. 


During 
the 
"Auto 
Balance" 
phase, 
a transmission-gate 
switch 
is used to connect 
each of 64 commutating 
capaci- 
tors to their associated 
ladder reference 
tap. Those 
tap volt- 
ages will be as follows: 


VTAP (N) = [(VREF/64) 
X Nl - 
[VREF/(2 x 64)] 


= VREF[(2N 
- 
1)/128] 


Where: 
VTAP (N) = reference 
ladder 
tap voltage 
at point 
N 
VREF ~ 
voltage 
across 
VREF- 
to VREF+ 


N = tap number 
(1 through 
64) 


The other 
side of the capacitor 
is connected 
to a single- 
stage inverting 
amplifier 
whose 
output 
is shorted 
to its input 
by a switch. 
This biases the amplifier 
at its intrinsic 
trip point, 
which 
is approximately, 
(Voo 
- 
Vss)/2. 
The 
capacitors 
now 
charge 
to their 
associated 
tap 
voltages, 
priming 
the 
circuit 
for the next phase. 


In the "Sample 
Unknown" 
phase, 
all ladder 
tap switches 
are opened, 
the comparator 
amplifiers 
are no longer 
short- 
ed, and VIN is switched 
to all 64 capacitors. 
Since the other 
end of the capacitor 
is now looking 
into an effectively 
open 
circuit, 
any voltage 
that differs from the previous 
tap voltage 
will appear 
as a voltage 
shift 
at the comparator 
amplifiers. 
All comparators 
whose 
tap voltages 
were 
lower 
than 
VIN 
will drive the comparator 
outputs 
to a "low" 
state. All com- 
parators 
whose 
tap voltages 
were higher than VIN will drive 
the comparator 
outputs 
to a "high" 
state. A second, 
capaci- 
tor-coupled, 
auto-zeroed 
amplifier 
further 
amplifies 
the out- 
puts. 


The status 
of all these 
comparator 
amplifiers 
are stored 
at the end of this phase (<1>2),by a secondary 
latching 
ampli- 
fier stage. Once latched, 
the status of the 64 comparators 
is 
decoded 
by a 64-to-7-bit 
decode 
array and the results 
are 
clocked 
into a storage 
register 
at the rising edge of the next 


<1>2. 


A 3-state 
buffer 
is used 
at the 
output 
of the 
7 storage 
registers 
which 
are controlled 
by two 
chip-enable 
signals. 
CE1 will independently 
disable 
B1 through 
B6 when it is in a 
high 
state. 
CE2 will 
independently 
disable 
B1 through 
B6 
and the OF buffers 
when 
it is in the low state (Table 
2). 


To facilitate 
usage of this device 
a phase-control 
input is 
provided 
which 
can effectively 
complement 
the clock 
as it 
enters 
the chip. Also, an on-board 
zener is provided 
for use 
as a reference 
voltage. 


Continuous 
Clock Operation 


One 
complete 
conversion 
cycle 
can 
be traced 
through 
the 
CA3306 
via the 
following 
steps. 
(Refer 
to timing 
dia- 
gram, 
Figure 
4.) With 
the phase 
control 
in a "High" 
state, 


the 
rising 
edge 
of 
the 
clock 
input 
will 
start 
a "sample" 


phase. 
During 
this entire 
"High" 
state 
of the clock, 
the 64 
comparators 
will track 
the input voltage 
and the 64 latches 
will track 
the comparator 
outputs. 
At the falling 
edge 
of the 
clock, 
after 
the specified 
aperture 
delay, 
all 64 comparator 
outputs 
are captured 
by the 64 latches. 
This ends the "sam- 
ple" 
phase 
and 
starts 
the 
"auto 
balance" 
phase 
for 
the 
comparators. 
During 
this "Low" 
state 
of the clock 
the out- 
put of the latches 
propagates 
through 
the decode 
array and 


a 7-bit code appears 
at the D inputs 
of the output 
registers. 


On the next rising edge of the clock, 
this 7-bit code is shift- 


ed into the output 
registers 
and appears 
with time delay 
to 
as valid data at the output 
of the 3-state 
drivers. 
This also 
marks the start of a new "sample" 
phase, thereby 
repeating 
the conversion 
process 
for this next cycle. 


Pulse Mode Operation 


For sampling 
high-speed 
nonrecurrent 
or transient 
data, 


the converter 
may be operated 
in a pulse 
mode 
in one of 


three 
ways. 
The fastest 
method 
is to keep the converter 
in 
the Sample 
Unknown 
phase, 
<1>2,during 
the standby 
state. 


The 
device 
can 
now 
be pulsed 
through 
the 
Auto 
Balance 
phase 
with a single 
pulse. 
The analog 
value 
is captured 
on 
the 
leading 
edge 
of <I>1 and 
is transferred 
into the output 
registers 
on the trailing 
edge of <1>1.We are now back In the 


standby 
state, 
<1>2,and another 
conversion 
can be started, 


but 
not 
later 
than 
5J.Ls due 
to the 
eventual 
droop 
of the 


commutating 
capacitors. 
Another 
advantage 
of this method 
is that it has the potential 
of having 
the lowest 
power 
drain. 


The larger the time ratio between 
<1>2and <I>1, the lower the 
power 
consumption. 
(See timing 
diagram, 
Figure 6.) 


The second 
method 
uses the Auto Balance 
phase, <I>1, as 
the standby 
state. 
In this state the converter 
can stay indefi- 


nitely 
waiting 
to 
start 
a conversion. 
A conversion 
is per- 
formed 
by strobing 
the clock 
input with two <1>2pulses. 
The 


first 
pulse 
starts 
a Sample 
Unknown 
phase 
and 
captures 
the analog 
value 
in the comparator 
latches 
on the trailing 
edge. A second 
<1>2pulse is needed 
to transfer 
the data into 


the output 
registers. 
This occurs 
on the leading 
edge of the 


second 
pulse. The conversion 
now takes slightly 
longer, 
but 
• 
the repetition 
rate may be as slow as desired. 
The disadvan- 
tage to this method 
is the higher 
device 
dissipation 
due to 


the low ratio of <1>2to <1>1.(See timing 
diagram, 
Figure 
6b.) 


For applications 
requiring 
both indefinite 
standby 
and low- 


est 
power, 
standby 
can 
be in the 
<1>2(Sample 
Unknown) 


state with two <I>1 pulses 
to generate 
valid data (see Figure 


6c). Valid data now appears 
two full clock 
cycles 
after start- 
ing the conversion 
process. 


Analog Input Considerations 


The 
CA3306 
input 
terminal 
is characterized 
by a small 
capacitance 
(see 
Specifications) 
and 
a small 
voltage-de- 


pendent 
current 
(See Typical 
Performance 
Characteristics). 


The signal-source 
impedance 
should 
be kept low, however, 


when 
operating 
the CA3306 
at high clock 
rates. 


CDo 
C') 
C') 
C1 
DEVICE OPERATION' 
(Continued) 


The 
CA3306 
outputs 
a short 
(less 
than 
10 ns) current 
spike of up to several 
mA amplitude 
(See Typical 
Perform- 
ance Characteristics) 
at the beginning 
of the sample 
phase. 
(To a lesser 
extent, 
a spike also appears 
at the beginning 
of 
auto 
balance.) 
The 
driving 
source 
must 
recover 
from 
the 
spike 
by the end of the same 
phase, 
or a loss of accuracy 
will result. 


A locally 
terminated 
son 
or 750. source 
is generally 
suffi- 
cient to drive the CA3306. 
If gain is required, 
a high-speed, 
fast-settling 
op 
amp, 
such 
as the 
HA-5033, 
HA-2542, 
or 
CA3450 
is recommended. 


Digital Input And Output Interfacing 


The 
two 
chip-enable 
and 
the 
phase-control 
inputs 
are 
standard 
CMOS 
units. They should 
be driven from less than 
0.3 x Voo 
to at least 
0.7 x Voo. 
This can be done 
from 
74HC 
series 
CMOS 
(OMOS), 
TTL with pull-up 
resistors, 
or, 
if VDO is greater 
than 
the 
logic 
supply, 
open 
collector 
or 
open 
drain drivers 
plus pull-ups. 
(See Figure 
11.) 


The clock 
input is more 
critical 10 liming 
variations, 
such 
as </>1becoming 
too 
short, 
for 
instance. 
Pull-up 
resistors 
should 
generally 
be avoided 
in favor 
of active 
drivers. 
The 
ciock 
input 
may be capacitively 
coupled, 
as it has an inter- 


nal 50kn 
feedback 
resistor 
on the first buffer 
stage, and will 
seek 
its own trip point. 
A clock 
source 
of at least 
1 Vp_p is 
adequate, 
but 
extremely 
non-symmetrical 
waveforms 
should 
be avoided. 


The output 
drivers 
have full rail-to-rail 
capability. 
If driving 
CMOS 
systems 
with Voo 
below 
the Voo 
of the CA3306, 
a 
CD74HC4050 
or 
CD74HC4049 
should 
be 
used 
to 
step 
down 
the voltage. 
If driving 
LSTIL 
systems, 
no step-down 
should 
be necessary, 
as most LSTILs 
will take input swings 
up to 10V to 15V. 


Although 
the output 
drivers 
are capable 
of handling 
typi- 
cal 
data 
bus 
loading, 
the 
capacitor 
charging 
currents 
will 
produce 
local 
ground 
disturbances. 
For this reason, 
an ex- 
ternal 
bus driver 
is recommended. 


Increased 
Accuracy 


In most cases the accuracy 
of the CA3306 
should 
be suf- 
ficient 
without 
any adjustments. 
In applications 
where 
accu- 
racy 
is of 
utmost 
importance, 
three 
adjustments 
can 
be 
made 
to obtain 
better 
accuracy; 
i.e., offset 
trim, 
gain trim, 
and midpoint 
trim. 


Offset 
Trim 


In general 
offset 
correction 
can 
be done 
in the 
preamp 
circuitry 
by introducing 
a DC shift 
to VIN or by the 
offset 


trim 
of the op amp. 
When 
this 
is not possible 
the 
VREF- 


input can be adjusted 
to produce 
an offset 
trim. The theo- 
retical 
input voltage 
to produce 
the first transition 
is '12 LSB. 


The equation 
is as follows: 


VIN (0 to 1 transition) 
= '12 LSB = 'I2(VREF/64) 


= VREF/128 


If VIN for the first transition 
is less than 
the theoretical, 


then a single-turn 
500. pot connected 
between 
VREF- 
and 
ground 
will accomplish 
the adjustment. 
Set VIN to '12 LSB 
and trim the pot until the 0 to 1 transition 
occurs. 


If VIN for the first transition 
is greater 
than the theoretical, 


then the 500. pot should 
be connected 
between 
VREF- 
and 
a negative 
voltage 
of about 
2 LSB's. 
The trim procedure 
is 
as states 
previously. 
Gain Trim 


In general 
the gain trim. can also be done 
in the preamp 
circuitry 
by introducing 
a gain 
adjustment 
for the 
op amp. 
When 
this 
is not 
possible, 
then 
a gain 
adjustment 
circuit 
should 
be made to adjust the reference 
voltage. 
To perform 
this trim, VIN should 
be set to the 63 to overflow 
transition. 
That voltage 
is '12 LSB less than 
VREF+ 
and is calculated 
as follows: 


VIN (63 to 64 transition) 
= VREF - 
VREF/128 


= VREF (127/128) 


To perform 
the gain trim, first do the offset 
trim and then 
apply the reqUired VIN for the 63 to overflow 
transition. 
Now 
adjust 
VREF + until that transition 
occurs 
on the outputs. 
Midpoint Trim 


The reference 
center 
(RC) is available 
to the user as the 
midpoint 
of the 
resistor 
ladder. 
To trim 
the 
midpoint, 
the 
offset 
and gain trims 
should 
be done 
first. 
The theoretical 
transition 
from 
count 
31 to 32 occurs 
at 31'12 
LSB's. 
That 
voltage 
is as follows: 


VIN (31 to 32 transition) 
= 31.5 (VREF/64) 


= VREF (63/128) 


An adjustable 
voltage 
follower 
can be connected 
to the 
RC pin or a 2k pot can be connected 
between 
VREF+ 
and 
VREF- 
with the wiper connected 
to RC. Set VIN to the 31 to 
32 transition 
voltage, 
then adjust the voltage 
follower 
or the 
pot until the transition 
occurs 
on the output 
bits. 


DEVICE OPERATION 
(Continued) 


The 
Reference 
Center 
point 
can also be used to create 
unique transfer 
functions. 
The user must remember, 
howev- 
er, that 
there 
is approximately 
1200. 
in series 
with the RC 
pin. 


APPLICATIONS 


7-Bit Resolution 


To obtain 
7-bit resolution, 
two CA3306s 
can be wired 
to- 
gether. 
Necessary 
ingredients 
include 
an open-ended 
lad, 


der network, 
an overflow 
indicator, 
three-state 
outputs;· and 
chip-enabler 
controls-all 
of 
which 
are 
available 
on 
the 
CA3306. 


The first step for connecting 
a 7-bit circuit is to totem-pole 
the 
ladder 
networks. 
as illustrated 
in Figure 
8. Since 
the 
absolute-resistance 
value of each ladder 
may vary, external 
trim of the mid-reference 
voltage 
may be required. 
- 


The 
overflow 
output 
of the 
lower 
device 
now 
becomes 
the 
seventh 
bit. When 
it goes 
high, all counts 
must 
come 
from 
the upper 
device. 
When 
it goes 
low, all counts 
must 
come 
from 
the 
lower 
device. 
This 
is done 
simply 
by con- 
necting 
the lower 
overflow 
signal 
to the CEl 
control 
of the 
lower AID 
converter 
and the CE2 control 
of the upper AID 
converter. 
The three-state 
outputs 
of the two devices 
(bits 1 
through 
6) are now 
connected 
in parallel 
to complete 
the 
circuitry. 


Doubled Sampling -Speed 


The 
phase 
control 
and 
both. positive 
and. negative 
-true 
chip enables 
allow the parallel 
connection 
of two CA3306s 
to double 
the sampling 
speed. 
Figure 
9 shows 
this configu- 
ration. 
One converter 
samples 
on the positive 
phase 
of the 
clock, 
and the second 
on the negative. 
The outputs 
are also 
alternately 
enabled. 
Care should 
be taken to provide 
a near 
square-wave 
clock 
if operating 
at close 
to the 
maximum 
clock 
speed 
for the devices. 


a·Bit to 12-Bit Conversion 
Techniques 


To obtain 
8-to-12-bit 
resolution 
and accuracy. 
use a feed- 


forward 
conversion 
technique. 
Two AID 
converters 
will be 
needed 
to convert 
up to 11 bits; 
three 
AID 
converters 
to 
convert 
12 bits. The high speed of the CA3306 
allows 
12-bit 
conversions 
in the 500-to-900 
ns range. 


The circuit 
diagram 
of a high-speed 
12-bit AID 
converter 
is shown 
in Figure 
10. In the feed-forward 
conversion 
meth- 
od two sequential 
conversions 
are made. 
Converter 
A first 
does a coarse 
conversion 
to 6 bits. The output 
is applied 
to 
a 6-bit DI A converter 
whose 
accuracy 
level 
is good 
to 12 
bits. The DI A converter 
output 
is then 
subtracted 
from the 
input voltage, 
multiplied 
by 32. and then converted 
by a sec- 
ond flash AID 
converter, 
which 
is connected 
in a 7-bit con- 
figuration. 
The answers 
from 
the first and second 
conver- 


sions 
are added 
together 
with bit 1 of the first conversion 
overlapping 
bit 7 of the second 
conversion. 


When 
using this method, 
take care that: 


• The linearity 
of the first converter 
is better 
than % LSB. 


• An offset 
bias of 1 LSB ('/64) is subtracted 
from 
the first 
conversion 
since the second 
converter 
is unipolar. 


• The DI A converter 
and its reference 
are accurate 
to the 
total 
number 
of bits desired 
for the final conversion 
(the 
AID 
converter 
need only be accurate 
to 6 bits). 


The first converter~an 
be offset-biased 
by adding 
a 200. 


resistor 
at the bottom 
of the ladder and increasing 
the refer- 


ence 
voltage 
by 1 LSB. 
If a 6.4V 
reference 
is used 
in the 
system, 
for example. 
then 
the 
first 
CA3306 
will 
require 
a' 


6.5V reference, 
• 
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SIGNAL 
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CA3306 
INPUTS: 


TYPICAL 
FOR 


PHASE 
CEI 
CEZ 


CA3306 


OUTPUTS 


TYPICAL 
FOR 


BI 
BZ 
B3 
B4 
B~ 
B6 
OF 


BINARY 
ADDER 


B6' 
BIZ 
#1 
B6+ 
0 
1 
6 
BIT 
B~+ 
0 
FLASH 
B4+ 
0 
I 
ADC 
B I' 
BH 
0 
I 


BZ+ 
0 
1 
8 1+87 
1 
IZ 
BIT 


B61 
OUTPUT 
DATA 


1 


1 


1 


1 


Bd 


CA3306 
INPUT 
TYPICAL 
fOR 


elK 
CA3306 


CD74HC 
4049{1NV.) 
,OR 
CD 74HC 
4050(NON-INV.I.OR 
ANY 
LOW POWER 
SCHOTTKY 
TTL 
WITH 
HIGH 
INPUT 
VOLTAGE 
RATING.(MANYLSOEVICES 
ARE 
RATED 
TO ACCEPT 
VOLTAGES 
UP 
TO I~ VOLTS) 


Input 
Voltage' 
Binary 


Code 
Description 
VREF 
VREF 
VREF 
VREF 
Output 
Code 
Decimal 
Count 
6.40 
5.12 
4.80 
3.20 
(LSB) 


(V) 
(V) 
(V) 
(V) 
OF 
B6 
B5 
B4 
B3 
B2 
B1 


Zero 
0.00 
0.00 
0.00 
0.00 
0 
0 
0 
0 
0 
0 
0 
0 


1lSB 
0.10 
0.08 
0.075 
0.05 
0 
0 
0 
0 
0 
0 
1 
1 


2LSB 
0.20 
0.16 
0.15 
0.10 
0 
0 
0 
0 
0 
1 
0 
2 


" 
" 
" 
" 


" 
" 
" 
" 
" 
" 
" 
" 
· 
· 
· 
· 
V. Full Scale 
- 
1 LSB 
3.10 
2.48 
2.325 
1.55 
0 
0 
1 
1 
1 
1 
1 
31 


V. Full Scale 
3.20 
2.56 
2.40 
1.60 
0 
1 
0 
0 
0 
0 
0 
32 


V. Full Scale + 1 LSB 
3.30 
2.64 
2.475 
1.65 
0 
1 
0 
0 
0 
0 
1 
33 
· 
· 
· 
· 
· 
" 
· 
· 
· 
" 
" 
" 
" 
· 
· 
" 
Full Scale 
- 
1 LSB 
6.20 
4.96 
4.65 
3.10 
0 
1 
1 
1 
1 
1 
0 
62 


Full Scale 
6.30 
5.04 
4.725 
3.15 
0 
1 
1 
1 
1 
1 
1 
63 
Overflow 
6.40 
5.12 
4.80 
3.20 
1 
1 
1 
1 
1 
1 
1 
127 


OPERATING 
AND HANDLING 
CONSIDERATIONS 


1. Handling 


All 
inputs 
and 
outputs 
of 
Harris 
CMOS 
devices 
have 
a 
network 
for electrostatic 
protection 
during handling. 
Recom- 
mended 
handling 
practices 
for 
CMOS 
devices 
are 
de- 
scribed 
in ICAN-6525. 
"Guide 
to Better 
Handling 
and Oper- 
ation of CMOS 
Integrated 
Circuits." 


2. Operating 


Operating 
Voltage 


During 
operation 
near the maximum 
supply 
voltage 
limit, 
care 
should 
be taken 
to avoid 
or suppress 
power 
supply 
turn-on 
and 
turn-off 
transients, 
power 
supply 
ripple, 
or 
ground 
noise; 
any of these 
conditions 
must not cause 
VDD 
- 
Vss 
to exceed 
the absolute 
maximum 
rating. 


Input 
Signals 


To prevent 
damage 
to the 
input 
protection 
circuit, 
input 


signals 
should 
never be greater 
than VDD nor less than Vss. 
• 
Input currents 
must not exceed 
20 mA even when the pow- 


er supply 
is off. The 
zener 
(pin 4) is the only 
terminal 
al- 


lowed 
to exceed 
VDD. 


Unused 
Inputs 


A connection 
must be provided 
at every input terminal. 
All 
unused 
input terminals 
must be connected 
to either VDD or 
Vss, whichever 
is appropriate. 


Output 
Short 
Circuits 


Shorting 
of outputs 
to VDD or Vss 
may damage 
CMOS 
devices 
by exceeding 
the maximum 
device 
dissipation. 


llA~"."Jlalog-to-Digital Converter 


GENERAL DESCRIPTION ~~~,:,,\,\<,\ 
\"l FEATURES 


The Harris CA3318C 
is a CMOS paralle~L1~J:#<8'ilalog- 
• CMOS Low 
Power 
with 
SOS Speed 
(150 mW Typ.) 
to-digital 
converter 
designed 
for 
appilcatiWl~ 
demanding 
• Parallel 
Conversion 
Technique 
both low-power 
consumption 
and high-speed 
digitization. 
• 15-MHz Sampling 
Rate (67 ns Conversion 
Time) 


The CA3318 operates 
over a wide full-scale 
input-voltage 
• 8-Bit 
Latched 
3-State 
Out 
ut with 
Overflow 
Bit 
range of 4V up to 7.5V with maximum power consumptions 
p 
depending 
upon the clock frequency 
selected. 
When oper- 
• 
± 1 LSB Accuracy 
(Typ.) 
ated from a 5V supply at a clock frequency 
of 15 MHz, the 
• Single 
Supply 
Voltage 
(4 to 7.5V) 


typical power consumption 
of the CA3318 is 150 mW. 
.2 Units 
in Series 
Allow 
9-Bit Output 


The 
intrinsic 
high 
conversion 
rate 
makes 
the 
CA3318 
.2 Units 
in Parallel 
Allow 
30 MHz Sampling 
Rate 


ideally suited for digitizing high-speed 
signals. The overflow 
bit makes possible the connection 
of two or more CA3318's 
in series to increase 
the resolution 
of the conversion 
sys- 
tem. A series connection 
of two CA3318's 
may be used to 
produce 
a 9-bit 
high-speed 
converter. 
Operation 
of two 
CA3318's 
in parallel doubles 
the conversion 
speed (i.e., in- 


creases the sampling 
rate from 15 to 30 MHz). 


256 paralleled 
auto-balanced 
voltage 
comparators 
mea- 
sure the input voltage with respect to a known reference 
to 
produce the parallel-bit 
outputs 
in the CAG318. 


255 comparators 
are required to quantize all input voltage 
levels in this 8-bit converter, 
and the additional 
comparator 
is required for the overflow 
bit. 


• TV Video 
Digitizing 
(Industrial/Security/Broadcast) 


• High-Speed 
A/D 
Conversion 


• Ultrasound 
Signature 
Analysis 


• Transient 
Signal 
Analysis 


• High-Energy 
Physics 
Research 


• High-Speed 
Oscilloscope 
Storage/Display 


• General-Purpose 
Hybrid 
ADCs 


• Optical 
Character 
Recognition 


• Radar 
Pulse Analysis 


• Motion 
Signature 
Analysis 


• fLP Data Acquisition 
Systems 


Part 
Linearity 
Sampling 
Temperature 
Number 
(INL) 
Rate 
Range 
Package 


CA3318CE 
±1.25 
LSB 
15MHz (67ns) 
-400C 
to +850C 
24 Pin Plastic DIP 


CA3318CM 
±1.5 LSB 
15MHz (67ns) 
-400C 
to +850C 
24 Pin Plastic SOIC 


CA3318CD 
±1.5 LSB 
15MHz (67ns) 
-400C 
to +850C 
24 Pin Ceramic 
DIP 


24 LEAD DIP 
24 LEAD SOIC 
TOP VIEW 


OVERFLOW 
9 


1/4 
R 


(DIG. 
GND.) 
vss 


(DIG. 
SUP.) 
VDD 


PHASE 


CU< 


VAA' 
(ANA. 
GND.) 


VIN 


VREF 
- 


CEI 


CE2 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


DC Supply 
Voltage 
Range 
(VDD or VAA +) 
(Referenced 
to Vss or VAA - 
Terminal, 
Which- 
ever is More Negativ.e)· 
- 0.5V to + 8V 


Input Voltage 
Range 
CE2 and CE1 
VAA- 
- 
0.5V to VDD + 0.5V 
Clock, 
Phase, 
VREF-, 
% Ref 
VAA - 
- 
0.5V to VAA + + 0.5V 
Y. Ref. 
. . . . . . 
. 
Vss 
- 
0.5V to VDD + 0.5V 
VIN, %REF, 
VREF'+ 
VAA- 
- 
0.5Vto 
VAA- 
+7.5V 


Output 
Voltage 
Range 
Bits 1-8, 
Overflow 
(Outputs 
Off) 
Vss 
- 
0.5V to VDD + 0.5V 


DC Input Current. 
. . . . . . 
. 
± 20 mA 
Clock, 
Phase, 
CE1, CE2, VIN, Bits 1-8, 
Overflow 


, 


<R1 


=70 
~ 
I 
J/4REF~ 
: 
~R: 


=30n~R: 


1/2REF~ 
I 
~R: 


=40 
%R: 


1J4REF~ 
: 
~R: 


"50K 


ClOCK~ 
.~ 
""{AUTO 
.ALANCEI 


PHASE ~L/ 
l...c[>--. 
.2(SAMPLE 
UHKHOWN) 


VAA - §-+~=~~~ 
·CASCADED 
AUTO BALANCE 
(CAB) 


For TA = •- 40'C 
to + 55'C 
.. ~.~' 
315 mW 
C3 
For TA = 55'C to 85'C 
Derate 
Linearly 
at 3.3 mW/'C 


Temperature 
Range 
Operating 
- 40'C to + 85'C 
Storage 
. . . . . . . . . . . . . . 
. 
- 65'C 
to + 150'C 


Lead Temperature 
(During 
Soldering) 
At Distance 
'/'6 in. ± '132 in. (1.59 mm 
± 0.79 mm) from Case for 10s Max 
+ 265'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
10 the device. 
These are stress ratings only 
and functional operation of the device at these or any other conditions 


above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to-absolute 
maximum 
rating conditions 
for extended 
pen"· 
ods may affect 
device reliability. 


Recommended 
Operating 
Voltage 
Range 
(VDD or VAA + ) . . . .. . .. . . . . . . . 
.4 V Min to 7.5V Max 


Recommended 
VAA + Operating 
Range 
VDD ± 1V 


Recommended 
VAA- 
Operating 
Range 
.. 
Vss ± 1V 


.' 
~~~~~~+-§] Voo 
OUTPUT 
3.STATE 
REGISTOR 
DRIVERS 
o 
Q 
9 
OVERFLOW 
ClK 
• 


u 
co.. 
C') 


C') 
ELECTRICAL 
CHARACTERISTICS 
cu 
Test 
Conditions 
at 2SoC 
Limits 
VAA+ 
=VoO=SV,VREF+ 
=6.4V, 


Parameter 
VREF- 
= VAA- 
= Vss,CLK 
= 
lSMHz, 
Units 
All Ref. Points 
Adjusted 
Min 
Typ 
Max 


. 
(Unless 
Otherwise 
Noted) 


Resolution 
8 
Bits 


Integral 
Linearity 
Error 
±1.5 
LSB 


DiHerential 
Linearity 
Error 
+1, 
-0.8 
LSB 


Quantizing 
Error 
±0.5 
LSB 


Maximum 
Input Bandwidth 
(Note 1) 
CA3318C 
2.5 
MHz 


OHset Error, Unadjusted 
VIN = VREF- 
+ % LSB 
-0.5 
4.5 
6.4 
LSB 


Gain Error Unadjusted 
VIN = VREF+ 
- % LSB 
-1.5 
0 
1.5 
LSB 


VIN and (VREF+) 
- 
(VREF-) 
4 
7 
V 
Full Scale Range 
(Notes 
2, 4) 


VIN Input Capacitance 
30 
pF 


VIN Input Current 
(See Text) 
VIN = 5.0V, VREF+ 
= 5.0V 
3.5 
mA 


Ladder 
Impedance 
270 
500 
800 
n 


Max. Conversion 
Speed 
CLK = Square Wave 
15 
17 
MSPS 


Auto Balance 
Time (</>1) 
33 
00 
ns 


Sample 
Time (</>2) 
(Note 4) 
25 
500 
ns 


Aperture 
Delay 
15 
ns 


Aperture 
Jitter 
100 
pS 


DiHerential 
Gain Error 
Unadjusted 
2 
% 


DiHerential 
Phase Error 
Unadjusted 
1 
% 


Data Valid Time (To) 
(Note 4) 
50 
65 
ns 


Data Hold Time (TH) 
(Note 4) 
25 
40 
ns 


Output 
Enable Time (TEN) 
18 
ns 


Output 
Disable Time (TOIS) 
18 
ns 


Device Current 
(100 + 
IAA) 
Continuous 
Conversion 
(Note 4) 
30 
60 
mA 
(Excludes 
IREF) 
Auto Balance 
(</>1) 
30 
60 


Digital Inputs: 


Low Level Input Voltage 
VOL: 
(Note 4) 


CE1, CE2 
0.2VOO 
V 


CLK, Phase 
(Note 4) 
0.2VAA 
V 


High Level Input Voltage 
VIN: 
(Note 4) 


CE1, CE2 
0.7VOO 
V 


CLK, Phase 
(Note 4) 
0.7VAA 
V 


Input Leakage 
Current, 
II: 
(Note 3) 


±0.2 
±5 
fLA 
Except CLK Input 


Input Capacitance, 
CI 
3 
pF 


Test Conditions 
at 25"C 
Limits 
VAA+ 
= Voo 
= 5V, VREF+ 
= 6.4V, 


Parameter 
VREF- 
= VAA- 
= Vss,CLK 
= 15 MHz, 
Units 
All Ref. Points Adjusted 
Min 
Typ 
Max 
(Unless 
Otherwise 
Noted) 


Digital Outputs: 


Output 
low 
(Sink) Current 
Vo = O.4V 
4 
10 
mA 
Output 
High (Source) 
Current 
Vo = 4.5V 
-4 
-6 


3-State 
Output Off-State 
±0.2 
±5 
p.A 
leakage 
Current, 
102 


Output 
Capacitance, 
Co 
4 
pF 


NOTE 1: A full scale sine wave input of greater than Fclock/2 or the specified input bandwidth 
(whichever is less) may cause an erroneous 
output code. The -3 
dB 
bandwidth 
for frequency 
response 
purposes is greater 
than 30 MHz. 


2: VIN (Full Scale) or VAEF+ 
should not exceed VAA+ 
+ 1.5V for accuracy. 


3: The clock input is a CMOS inverter with a 50 kfl feedback resistor and may be AC coupled with 1 Vp_pmin. source. 


4: Parameter 
not tested, but guaranteed 
by design or characterization. 


Pin 
Name 
Description 


1 
Bl 
Bit 1 (lSB) 


2 
B2 
Bit 2 


3 
B3 
Bit3 
Output 
4 
B4 
Bit4 
Data 


5 
B5 
Bit5 
Bits 


(High = True) 
6 
B6 
Bit6 


7 
B7 
Bit7 


8 
B8 
Bit8(MSB) 


9 
OF 
Overflow 


10 
%R 
Reference 
ladder 
% Point 


11 
Vss 
Digital Ground 


12 
VDD 
Digital Power Supply, + 5V 


13 
CE2 
Three-State 
Output 
Enable 
Input, 
Active 
low. 
See Table 2. 


14 
CE1 
Three-State 
Output 
Enable 
Input, 


Active 
High. See Table 2. 


15 
VREF- 
Reference 
Voltage 
Negative 
Input 


16 
VIN 
Analog 
Signal Input 


17 
VAA- 
Analog 
Ground 


18 
ClK 
Clock Input 


19 
PHASE 
Sample 
clock 
phase control 
input. 


When PHASE is low, "Sample 
Unknown" 
occurs 
when the clock is 
low and "Auto 
Balance" 
occurs 
when 
the clock is high (see text). 


Pin 
Name 
Description 
. 


20 
%R 
Reference 
ladder 
Midpoint 


21 
VIN 
Analog 
Signal Input 


22 
VREF+ 
Reference 
Voltage 
Positive 
Input 


23 
%R 
Reference 
ladder 
% Point 


24 
VAA+ 
Analog 
Power Supply, + 5V 


CE1 
CE2 
81-88 
OF 


0 
1 
Valid 
Valid 


1 
1 
Three-State 
Valid 


X 
0 
Three-State 
Three-State 


DEVICE OPERATION 


A sequential 
parallel 
technique 
is used 
by the 
CA3318 
converter 
to obtain 
its high-speed 
operation. 
The sequence 
consists 
of the "Auto-Balance" 
phase, 
4>1, and the "Sam- 
ple 
Unknown" 
phase, 
4>2. (Refer 
to the 
circuit 
diagram.) 
Each 
conversion 
takes 
one 
clock 
cycle'. 
With 
the 
phase 
control 
(pin 19) high, the "Auto-Balance" 
(4)1) occurs 
during 
the 
high 
period 
of the 
clock 
cycle, 
and 
the 
"Sample 
Un- 
known" 
(4)2) occurs 
during 
the low period 
of the clock 
cy- 
cle. 


• 


U 
I~ 
U~t:U 
lU 
\..Ullllt:\..llt::'C1\..11 
VI 
llllt::' lll~l 
~It::'l VI 
£.'-JU 
vVIIIIIIUlC1llIIY 
capacitors 
to their 
associated 
ladder 
reference 
tap. Those 
tap voltages 
will be as follows: 


Vtap (N) = [(N/256) 
VREFl 
-(1/512) 
VREFl 
= [(2N-1)/512l 
VREF 


Where: 


Vtap (n) = reference 
ladder 
tap voltage 
at 
point 
n. 
VFIEF = voltage 
across 
VREF- 
to VREF+ 
N = tap number 
(1 through 
256) 


The other 
side of these 
capacitors 
are connected 
to sin- 
gle-stage 
amplifiers 
whose 
outputs 
are shorted 
to their 
in- 
puts by switches. 
This balances 
the amplifiers 
at their intrin- 
sic trip points, 
which 
is approximately 
(VAA + 
- 
VAA - )/2. 


The first set of capacitors 
now charges 
to their 
associated 
tap voltages. 


At the same time a second 
set of com mutating 
capacitors 
and amplifiers 
is also auto-balanced. 
The balancing 
of the 
second-stage 
amplifier 
at its intrinsic 
trip point removes 
any 
tracking 
differences 
between 
the first and second 
amplifier 
stages. 
The cascaded 
auto-balance 
(CAB) technique, 
used 
here, 
increases 
comparator 
sensitivity 
and 
temperature 
tracking. 


In the "Sample 
Unknown" 
phase, 
all ladder tap switches 
and comparator 
shorting 
switches 
are opened. 
At the same 
time VIN is switched 
to the first set of com mutating 
capaci- 
tors. Since 
the other 
end of the capacitors 
are now looking 
into an effectively 
open circuit, 
any input voltage 
that differs 
from 
the previous 
tap voltage 
will appear 
as a voltage 
shift 
at the comparator 
amplifiers. 
All comparators 
that 
had tap 
voltages 
greater 
than 
VIN will go to a "high" 
state 
at their 
outputs. 
All comparators 
that 
had tap voltages 
lower 
than 
VIN will go to a "low" 
state. 


The status 
of all these 
comparator 
amplifiers 
is ac cou- 
pled 
through 
the 
second-stage 
comparator 
and 
stored 
at 
the end of this phase (4)2) by a latching 
amplifier 
stage. The 
latch feeds 
a second 
latching 
stage, triggered 
at the end of 
4>1. This delay 
allows 
comparators 
extra 
settling 
time. The 
status 
of the comparators 
is decoded 
by a 256 to 9-bit de- 
coder 
array, and the results 
are clocked 
into a storage 
reg- 
ister at the end of the next 4>2. 


A 3-stage 
buffer 
is used 
at the output 
of the 
9 storage 
registers 
which 
are controlled 
by two 
chip-enable 
signals. 
CE1 will independently 
disable 
81 through 
B8 when it is in a 
high state. 
CE2 will 
independently 
disable 
B1 through 
B8 
and the OF buffers 
when 
it is in the low state. 


tJlUVIUIt::'U 
Wlllvil 
vd.ll 
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•••.d.~ 
Il 
enters 
the chip. 
Continuous-Clock Operation 


One 
complete 
conversion 
cycle 
can 
be traced 
through 
the 
CA3318 
via the 
following 
steps. 
(Refer 
to timing 
dia- 
gram.) 
With 
the 
phase 
control 
in a "low" 
state, 
the 
rising 
edge of the clock 
input will start a "sample" 
phase. 
During 
this 
entire 
"high" 
state 
of the clock, 
the 
comparators 
will 
track 
the input voltage 
and the first-stage 
latches 
will track 
the comparator 
outputs. 
At the falling 
edge of the clock, 
all 
256 comparator 
outputs 
are captured 
by the 256 
latches. 
This 
ends 
the 
"sample" 
phase 
and 
starts 
the 
"auto-bal- 
ance" 
phase for the comparators. 
During this "low" 
state of 
the clock, 
the output 
of the latches 
settles 
and is captured 
by a second 
row of latches 
when the clock 
returns 
high. The 
second-stage 
latch 
output 
propagates 
through 
the decode 
array, and a 9-bit code appears 
at the D inputs of the output 
registers. 
On the 
next 
falling 
edge 
of the 
clock, 
this 
9-bit 
code 
is shifted 
into the 
output 
registers 
and 
appears 
with 
time delay td as valid data at the output 
of the 3-state 
driv- 
ers. This also 
marks 
the end of the next "sample" 
phase, 
thereby 
repeating 
the conversion 
process 
for this 
next cy- 
cle. 
Pulse-Mode Operation 


The CA3318 
needs two of the same polarity 
clock 
edges 
to complete 
a conversion 
cycle: 
If, for instance, 
a negative 
going clock 
edge 
ends sample 
"N", 
then 
data "N" 
will ap- 
pear 
after 
the 
next 
negative 
going 
edge. 
Because 
of this 
requirement, 
and because 
there 
is a maximum 
sample 
time 
of 500 ns (due to capacitor 
droop), 
most 
pulse 
or intermit- 
tent sample 
applications 
will require 
double 
clock 
pulsing. 


If an indefinite 
standby 
state 
is desired, 
standby 
should 
be in auto-balance, 
and the operation 
would 
be as in Figure 
5A. 


If the standby 
state is known 
to last less than 500ns 
and 
lowest 
average 
power is desired, 
then operation 
could be as 
in Figure 5B. 
Increased Accuracy 


In most cases the accuracy 
of the CA3318 
should 
be suf- 
ficient 
without 
any adjustments. 
In applications 
where 
accu- 
racy is of utmost 
importance, 
five adjustments 
can be made 
to obtain 
better 
accuracy, 
i.e., offset 
trim; gain trim; and '/., 


% and % point trim. 
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Figure 5: Pulse Mode Operation 
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Offset Trim 
3 
In general, 
offset 
correction 
can be done 
in the preamp 
circuitry 
by introducing 
a dc shift to VIN or by the offset 
trim 
of the op amp. When 
this is not possible 
the VREF- 
input 
can be adjusted 
to produce 
an offset 
trim. The theoretical 
input voltage 
to produce 
the first transition 
is % LSB. The 
equation 
is as follows: 


VIN (0 to 1 transition) 
= % LSB = % 
(VREF/256) 


= VREF/512 


If VIN for the first 
transition 
is less than 
the theoretical, 
then a single-turn 
50n 
pot connected 
between 
VREF- 
and 
ground 
will accomplish 
the adjustment. 
Set VIN to % LSB 
and trim the pot until the 0-to-1 
transition 
occurs. 


If VIN for the first transition 
is greater 
than the theoretical, 


then 
the 
50n 
pot 
should 
be connected 
between 
VREF- 


and a negative 
voltage 
of about 
2 LSB's. 
The trim 
proce- 
dure is as stated 
previously. 
Gain Trim 


In general, 
the gain trim can also be done 
in the preamp 
circuitry 
by introducing 
a gain adjustment 
for the op amp. 
When 
this 
is not 
possible, 
then 
a gain 
adjustment 
circuit 
should 
be made to adjust the reference 
voltage. 
To perform 
this trim, VIN should 
be set to the 255 to overflow 
transition. 
That voltage 
is % LSB less than VREF + 
and is calculated 
as follows: 


VIN (255 to 256 transition) 
= VREF - 
VREF/512 


= VREF (511/512) 


To perform 
the gain trim, first do the offset 
trim and then 
apply 
the 
required 
VIN for the 
255 
to overflow 
transition. 
Now 
adjust 
VREF+ 
until that 
transition 
occurs 
on the out- 
puts. 
% Point Trims 


The 
%, % and % points 
on 
the 
reference 
ladder 
are 
brought 
out for linearity 
adjusting 
or if the 
user 
wishes 
to 
create 
a non-linear 
transfer 
function. 
The % points 
can be 
driven 
by the reference 
drivers 
shown 
(Figure 
7) or by 2-K 
pots connected 
between 
VREF+ 
and VREF-. 
The % (mid-) 
point should 
be set first by applying 
an input of 257/512 
x 


(VREF) and 
adjusting 
for an output 
changing 
from 
128 to 
129. Similarly 
the % and % points 
can be set with inputs of 
129/512 
and 385/512 
x (VREF) and adjusting 
for counts 
of 
192 to 193 and 64 to 65. (Note that the points 
are actually 


%, % and % of full scale 
+ 1 LSB.) 
9-Bit Resolution 


To 
obtain 
9-bit 
resolution, 
two 
CA3318's 
can 
be wired 
together. 
Necessary 
ingredients 
include 
an 
open-ended 


ladder 
network, 
an overflow 
indicator, 
three-state 
outputs, 
and chip-enable 
controls-all 
of which 
are available 
on the 
CA3318. 


The first step for connecting 
a 9-bit circuit 
is to totem-pole 
the 
ladder 
networks, 
as illustrated 
in Figure 
8. Since 
the 
absolute 
resistance 
value of each ladder 
may vary, external 
trim of the mid-reference 
voltage 
may be required. 


The 
overflow 
output 
of the 
lower 
device 
now 
becomes 
the ninth bit. When 
it goes high, all counts 
must come from 
the upper 
device. 
When 
it goes 
low, all counts 
must come 
from 
the 
lower 
device. 
This 
is done 
simply 
by connecting 
the lower overflow 
signal to the CE1 control 
of the lower AI 
o converter 
and the CE2 control 
of the upper AID 
convert- 
er. 
The 
three-state 
outputs 
of 
the 
two 
devices 
(bits 
1 
through 
8) are now connected 
in parallel 
to complete 
the 
circuitry. 
The 
complete 
circuit 
for a 9-bit 
AID 
converter 
is 
shown 
in Figure 
9. 
Grounding/Bypassing 


The analog 
and digital supply grounds 
of a system 
should 
be 
kept 
separate 
and 
only 
connected 
at 
the 
AID. 
This 
keeps digital ground 
noise out of the analog 
data to be con- 
verted. 
Reference 
drivers, 
input amps, 
reference 
taps, and 
the VAA supply 
should 
be bypassed 
at the AID 
to the ana- 
log side of the ground. 
See Figure 
10 for a block diagram 
of 
this 
concept. 
All capacitors 
shown 
should 
be low 
imped- 
ance 
0.1 fLF ceramics 
and should 
be mounted 
as close 
to 
the AID 
as possible. 
If VAA + 
is derived 
from 
Voo, 
a small 
(10n 
resistor 
or inductor 
and additional 
filtering 
(4.7 fLF tan- 
talum) 
may be used to keep digital 
noise 
out of the analog 
system. 
Input Loading 


The CA3318 
outputs 
a current 
pulse to the VIN terminal 
at 
the 
start 
of every 
sample 
period. 
This 
is due to capacitor 
charging 
and switch 
feedthrough 
and varies 
with input volt- 
age and sampling 
rate. The signal 
source 
must be capable 
of recovering 
from 
the pulse 
before 
the end of the sample 
period 
to guarantee 
a valid 
signal 
for the AID 
to convert. 
Suitable 
high 
speed 
amplifiers 
include 
the 
HA-5033, 
HA-2542; 
and CA3450. 
Figure 
11 is an example 
of an ampli- 
fier which 
recovers 
fast enough 
for sampling 
at 15 MHz. 
Output Loading 


The CMOS 
digital output 
stage, 
although 
capable 
of driv- 
ing large loads, will reflect 
these 
loads into the local ground. 


It 
is 
recommended 
that 
a 
local 
QMOS 
buffer 
such 
as 
CD74HC541 
E be used to isolate 
capacitive 
loads. 


Input Voltage' 
Binary 


Code 
VREF 
VREF 
Output 
Code 
Decimal 


Description 
6.40V 
5.12V 
MSB 
LSB 
Count 
(V) 
(V) 
OF 
B8 
B7 
B6 
B5 
B4 
B3 
B2 
Bl 


Zero 
0.00 
0.00 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 LSB 
0.025 
0.02 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


2 LSB 
0.05 
0.04 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Y. Full Scale 
1.60 
1.28 
0 
1 
0 
0 
0 
0 
0 
0 
0 
64 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
% Full Scale 
- 1 LSB 
3.175 
2.54 
0 
0 
1 
1 
1 
1 
1 
1 
1 
127 
% Full Scale 
3.20 
2.56 
0 
1 
0 
0 
0 
0 
0 
0 
0 
128 
% Full Scale + 1 LSB 
3.225 
2.58 
0 
1 
0 
0 
0 
0 
0 
0 
1 
129 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
% Full Scale 
4.80 
3.84 
0 
1 
1 
0 
0 
0 
0 
0 
0 
192 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Full Scale 
-1 
LSB 
6.35 
5.08 
0 
1 
1 
1 
1 
1 
1 
1 
0 
254 
Full Scale 
6.375 
5.10 
0 
1 
1 
1 
1 
1 
1 
1 
1 
255 
OverFlow 
6.40 
5.12 
1 
1 
1 
1 
1 
1 
1 
1 
1 
511 


Reducing Power 


Most power 
is consumed 
while 
in the auto-balance 
state. 
When 
operating 
at lower 
than 
15 MHz clock 
speed, 
power 
can 
be reduced 
by stretching 
the 
sample 
(</>2)time. 
The 
constraints 
are a minimum 
balance 
time (</>1)of 33ns, and a 
maximum 
sample 
time 
of 
500ns. 
Longer 
sample 
times 
cause droop 
in the auto-balance 
capacitors. 
Power can also 
be reduced 
in the 
reference 
string 
by switching 
the 
refer- 
ence on only during 
auto-balance. 


Clock Input 


The 
Clock 
and 
Phase 
inputs 
feed 
buffers 
referenced 
to 
VAA+ and VAA -. 
Phase should 
be tied to one of these two 
potentials, 
while 
the clock 
(if DC coupled) 
should 
be driven 
at least from 0.2 to 0.7 x (VAA + - 
VAA -). 
The clock 
may 
also be AC coupled 
with at least a 1 Vp_p swing. This allows 
TTL drive levels 
or 5V QMOS 
levels when 
VAA + is greater 
than 5V. 
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Figure 6: Typical Voltage Reference 
Source for Driving VREF+ Input 


NOTE: Bypass VAEF+ to Analog Ground Near AID with 0.1 I'F 
Ceramic Cap. Parts Marked (.) Should Have Low Tem- 
perature Drift. 
0194-8 


Figure 7: Typical % Point Drivers for Adjusting 
Linearity (Use for Maximum Linearity) 


NOTE: All Op Amps 
~ '/. CA324E 


Bypass 
All Reference 
Points to Analog 
Ground 
Near 


AID with 0.1 joLFCeramic Caps. 


Adjust VREF+ First, then %, 0/.• and Y.• Points . 
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NOTE: Reference 
Taps and VAA Should be Bypassed to AGND with 0.1 JLF Low Impedance 
Caps. 


The Mid-Point Driver must be Stable with Capacitive 
Loads. 
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OPERATING 
AND HANDLING 
CONSIDERATIONS 
1. 
Handling 


All inputs and outputs 
for CMOS devices 
have a net- 
work for electrostatic 
protection 
during handling. 
Rec- 
ommended 
handling 
practices 
for CMOS devices 
are 
described 
in ICAN-6525 
"Guide .to Better Handling and 
Operation 
of CMOS Integrated 
Circuits". 


Operating 


Operating 
Voltage 


During operation 
near the m~imum 
supply voltage lim- 
it. care should 
be taken 
to avoid or suppress 
power 
supply 
turn-on 
and turn-oil 
transients. 
power 
supply 
ripple. or ground 
noise; any of these 
conditions 
must 
not cause VDD-VSS to exceed the absolute 
maximum 
rating. 


Input 
Signals 


As shown in the maximum ratings. all inputs except Vin. 
% REF, and VREF + have diodes to VDD or VAA+ and 
from 
VSS or VAA-· 
Vin. % REF. and VREF+ 
have, 
instead. 
10V zener 
diodes 
to VAA -. 
No current 
of 
greater than 20 mA should be allowed through 
any of 
these diodes. even when the supplies are oil. 


Unused 
Inputs 


A connection 
must be provided at every input terminal. 


All unused input terminals 
must be connected 
to either 
VDD or Vss. whichever 
is appropriate. 


Output 
Short 
Circuits 


Shorting of outputs to VDD or Vss may damage CMOS 
devices by exceeding 
the maximum device dissipation. 


mHARRIS 


Features 


• 20MSPS 
Conversion 
Rate 


• 9MHz Ful/ Power 
Input 
Bandwidth 


• No Missing 
Codes 


• Sample 
and Hold Not Required 


• ±3/4 
LSB Differential 
Linearity 
Error (Typical) 


• CMOS/TTL 
Compatible 


• Single 
+SV Supply 
Voltage 


• Improved 
Replacement 
for MP7684 
~ Higher 
Operating 
Frequency 
~ Higher 
Output 
Drive 
~ Lower 
Leakage 
Current 
~ Lower 
Reference 
Current 


Applications 


• Video 
Digitizing 


• Radar Systems 


• Medical 
Imaging 


• Communication 
Systems 


• High Speed 
Data Acquisition 
Systems 


HI-5700 


Description 


The 
HI-5700 
is 
a 
monolithic, 
8-bit, 
CMOS 
FLASH 
Analog-to-Digital 
Converter. 
Fabricated 
in the Harris L7 
CMOS process, It is designed for high speed applications 
where wide 
bandwidth 
and low power 
consumption 
are 
essential. Its 20MSPS sp~d 
is made possible by a parallel 
architecture 
which also eliminates the need for an external 
sample 
and hold circuit. The HI-5700 
delivers ±3/4 
LSB 
differential nonlinearity while consuming 
only 550mW typl- 
cal/y. Latched 
outputs 
are provided 
which 
present 
valid 
data to the output bus one clock 
cycle 
after the convert 
command' is received. An overflow bit is provided to aI/ow 
the series connection 
of two converters, thus achieving 9- 
bit resolution. 


The HI-5700 
is available in Commercial and Industrial Tem- 
perature ranges. It comes in 28 pin Plastic DIP. 


Pinout 


28 PIN (PLASTIC 
DIP) 
TOP 
VIEW 


LATCHES 
AND 
ENCODERS 


FUP 
FLOPS 
AND 
THREE- 


STATE 
BUFFERS 


Harris 
Semiconductor 
products 
are sold 
by description 
only. 
Harris 
Semiconductor 
resetves 
the right 
to make 
changes 
in circuit 
design 
and/or 
specifications 
at any 


lime 
withouf 
no,ic9. 
Accordingly, 'he reader 
is cautioned 
to verify 
thai data sheets afe current before 
placing orders. Information 
furnished 
by Harris 
is believed 
to be 
accurate and re/jable. However, no responsibility is assumed by Harris or its subsidiaries fOf its use; nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Harris or its subsidiaries. 
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o 
~ 
Pin Description 
It)..:. 
:I: 
PIN 
NUMBER 
NAME 
DESCRIPTION 


1 
CLK 
Clock 
Input Pin 


2 
07 
Bit 7 Output 
(MSB) 


3 
06 
Bit 6 Output 


4 
05 
BitS 
Output 


5 
04 
Bit4 
Output 


6 
1/4R 
1/4th 
Point of R Ladder 


7 
VOO 
Power 
Supply 
of Digital 
Circuit 


8 
GNO 
Digital 
Ground 


9 
3/4R 
3/4th 
Point of R Ladder 


10 
03 
Bit3 
Output 


11 
02 
Bit2 
Output 


12 
01 
Bit 1 Output 


13 
DO 
Bit 0 Output 
(LSB) 


14 
OFW 
Digital 
Output 
Overflow 
Pin 


PIN 
NUMBER 
NAME 
DESCRIPTION 


15 
CE2 
Chip Enable 
Control 
Pin (See Truth Table) 


16 
CE1 
Chip Enable 
Control 
Pin (See Truth Table) 


17 
VREF(+) 
Reference 
Voltage 
(+) Input Pin 


18 
AVO 0 
Power 
Supply 
of Analog 
Circuit 


19 
AGNO 
Analog 
Circuit 
Ground 


20 
AGNO 
Analog 
Circu~ 
Ground 


21 
AVO 0 
Power 
Supply 
of Analog 
Circuit 


22 
1/2R 
Mid Point of R Ladder 


23 
AVOO 
- 
Power 
Supply 
of Analog 
Circuit 


24 
AGNO· 
Analog 
Grouncr 


25 
AGNO 
Analog 
Ground 


26 
AVOO 
Power 
Supply 
of Analog 
Circuit 


27 
VREF(-) 
Reference 
Voltage 
(-) Input 


28 
VIN 
Analog 
Input 


AVOO @] @) ~ 
[ill 


AGNO §] ~ [ill ~ 


~ 


<I>l 
CU< 
1 
<1>2 


OVER- 
FLOW 
(OFW) 


COM- 


PARATOR 
LATCHES 


& ENCODER 
lOGIC 


Absolute Maximum Ratings (Note 1) 


VDD to GND 
7.0V 
AGNDtoGND 
..........•.............•................ 
±0.5V 
All Other Pins (Max) ..•............................ 
VDD +0.5V 
All Other Pins (Min) 
GND -0.5V 
Total Power Dissipation 
TA; 
-400C 
to +850C 
1000mW 


Operating Temperature Range 


HI-5700 
A 
-400C 
to +850C 
HI-5700 
J 
OOCto + 750C 


Junction Temperature 
+150oC 
Storage Temperature 
.................•...... 
-650Cto+1500C 


Electrical Specifications: 
AVDD 
; 
VDD 
; 
+5.0V; 
vREF(+) 
; 
+4.0V; 
VREF(-) 
; 
GND 
; 
AGND 
; 
OV; FS ; 
Specified 
Clock 
Frequency 
@ 50% Duty Cycle; 
CL ; 
3OpF; Full Temperature 
Range, 
Unless 
Otherwise 
Specified. 


HI-5700AlJ 


PARAMETER 
(Note 2) 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SYSTEM PERFORMANCE 


Resolution 
8 
- 
- 
Bits 
Integral Linearity 
Error (INL) 
TA; 
+25OC 
FS; 
250KHz,lin; 
58Hz ramp 
- 
±'% 
±2 
LSB 
TA; 
Full 
FS; 
250KHz,lin; 
58Hz ramp 
- 
- 
±2Y. 
LSB 
TA;+250C 
FS ; 
1OMHz, lin ; 204KHz ramp 
- 
±1Y. 
- 
LSB 
TA; 
+250C 
FS ; 
15MHz, lin ; 3.5KHz ramp 
- 
±1'% 
- 
LSB 


TA;+250C 
FS; 
20MHz, lin ; 4.7KHz ramp 
- 
±2 
- 
LSB 
TA; 
+250C 
FS; 
25MHz,lin; 
5.9KHz ramp 
- 
±3Yz 
- 
LSB 
Differential 
Linearity Error (DNL) 
TA; 
+250C 
FS; 
250KHz,lin; 
58Hz ramp 
- 
±'1. 
- 
LSB 
TA; 
Full 
FS; 
250KHz,lin; 
58Hz ramp 
- 
- 
+1'''1-1 
LSB 
TA;+250C 
FS; 
1OMHz,lin; 
2.4KHz ramp 
- 
±'% 
- 
LSB 
TA; 
+250C 
FS; 
15MHz,lin; 
3.5KHz ramp 
- 
±'% 
- 
LSB 
TA; 
+250C 
FS; 
20MHz,Iin 
; 4.7KHz ramp 
- 
±9/10 
- 
LSB 


TA; 
+25OC 
FS ; 25M Hz, lin ; 5.9KHz ramp 
- 
±1Y. 
- 
LSB 
Minimum Conversion 
Rate 
TA;Full 
No Missing 
Codes 
- 
- 
0.125 
MSPS 
Maximum 
Conversion 
Rate 
TA; 
+25OC 
No Missing 
Codes 
- 
24 
- 
MSPS 
TA; 
Full 
No Missing 
Codes 
19 
MSPS 
Full Power Input Bandwidth 
FS; 
14MHz 
- 
9 
- 
MHz 


Signal to Noise Ratio (SNR) 
FS; 
1.0MHz,lin; 
100kHz 
- 
47 
- 
dB 
RMS Signal 
FS; 
1OMHz, lin ; 
100kHz 
- 
47 
- 
dB 
; 
RMSNoise 
FS; 
1OMHz,lin; 
3.0MHz 
- 
43 
- 
dB 
Signal to Noise Ratio (SINAD) 
FS; 
1.0MHz,lin; 
100kHz 
- 
45 
- 
dB 
RMSSignaJ 
FS; 
10MHz,lin; 
100kHz 
- 
44 
- 
dB 
; 
RMS Noise + Distortion 
FS; 
1OMHz,lin; 
3.0MHz 
- 
35 
- 
dB 
Total Harmonic 
Distortion 
FS ;10MHz,lin 
;100kHz 
- 
-49 
- 
dBc 
FS ;10MHz,lin; 
3.0MHz 
- 
-37 
- 
dBc 
Aperture 
Delay, tAP 
- 
6 
- 
ns 
Aperture Jitter, tAJ 
- 
30 
- 
ps 
VloError 
- 
4 
6 
LSB 
Full Scale Error 
- 
1 
3 
LSB 


SWITCHING 
CHARACTERISTICS 


Data Output Enable Time, TEN 
- 
20 
- 
ns 
Data Output Disable Time, TDIS 
- 
20 
- 
ns 
Data Output Delay,tOD 
- 
25 
- 
ns 


ELECTRICAL 
CHARACTERISTICS 


Total Relerence 
Resistance 
210 
425 
560 
n 
Analog Input Resistance 
- 
10 
- 
Mn 
Analog Input Capacitance 
- 
60 
- 
pF 
Analog Input Bias Current 
DC 
- 
0.01 
1.0 
!JA 
Input Logic High Voltage, VIH 
2.0 
- 
- 
V 
Input Logic Low Voltage, VIL 
- 
- 
0.8 
V 
Input Logic High Current 
- 
- 
1 
!JA 
Input Logic Low Current 
- 
- 
1 
!JA 
Digital Input Capacitance 
- 
7 
- 
pF 
Output Logic Sink CurrenL IOL 
Vo ;Oo4V 
- 
3 
- 
mA 
Output Logic Source CurrenL IOH 
VO;4.6V 
- 
-3 
- 
mA 
Digital Output Capacitance 
CE2;OV 
- 
5 
- 
pF 
Digital Output 
Leakage 
CE2;OV 
- 
- 
1 
!JA 
Supply Currrent 
FS;4MSPS 
- 
110 
- 
mA 
Supply Current vs. Clock 
FS>4MSPS 
- 
2.3 
- 
mNMHz 
Power Suppiy Rejection 
Ratio 
5VDC±10% 
- 
±1 
±3 
LSB 


• 


o 
~ 
NOTES: 1. Absolute Maximum Ratings are limiting values applied individually 


Il) 
beyond which the device may be damaged. Functional Operation 
~ 
under any of these conditions is not necessarily implied. 


:t: 
2. See Glossary of Terms. 


Timing Parameters 
CL = 30pF 
Is= Sample Time 
25ns ~ ts ~ 51lS 


tAZ = Auto Zero Time 
~ 25ns 


tAP = Aperture 
DelayTime 
'" 6ns 


tAJ =Aperture 
Jitter 
'" 30ps 


toD = Data Output 
Delay 
'" 25ns 


CE1 
CE2 
00-07 
OFW 


0 
1 
Vallid 
Valid 


1 
1 
Hi-Z 
Valid 


X 
0 
Hi-Z 
Hi-Z 


COMPARATOR 
DATA IS LATCHED 


AUTO- 
ZERO 1 
~ 
AUTO- 
ZERO 2 
AUTO- 
ZERO 3 


-11~ 
~~AM~ 
1 ~ 
lBAM~~ 
PHASE 
1 
PHASE 
2 
PHASE 
1 
PHASE 
2 


tAZ 
- 
ts 
- 
tAZ 
- 
ts 
tAZ 
- 


ENCODED 
DATA 
IS LATCHED 
INTO 
OUTPUT 
REGISTERS 


I--- too 
__________ 
X~ 
D_A_T_A_O ~X~__ 
D_A_T_A_1 
__ 


120 


110 


100 


90 
=<!. 
eo 
().9 
70 


60 


50 


40 
10'lb 
15'lb 
2O'lb 
25'lb 
30% 
35'Il> 4O'lb 
45'll> 
5O'Ilo 


CLOCK DUTY CYCLE ~ 1/lZ' (1/lZ+ IS) 


lOMHz 
1.2 


1.1 


1.0 


0.9 
100kHz 


Po 0.8 


0.7 


0.6 


OUTPUT 1 
PINS 


DIGITAl. 


VDD 


DIGITAl. 
{ 
GND 


OUTPUT 
PINS 


~O.D1"F • 


Theory of Operation 


The HI-5700 
is an 8-bit 
analog-to-digital 
converter based 
on 
a 
parallel 
CMOS 
"flash" 
architecture. 
This 
flash 
technique 
is an extremely fast method of A/D conversion 
because 
all bit decisions 
are made simultaneously. 
Very 
dense 
circuitry 
is 
required 
to 
realize 
this 
technique, 
however, since a separate 
comparator 
is used to detect 
each code transition. In all, 256 comparators are used in the 
HI-5700: 
(28-1) 
comparators 
to encode the output word, 


plus an additional comparator 
to detect Overflow. 


While bipolar 
flash converters 
usually compare 
the input 
signal to a string 
of reference 
voltages 
in real time, the 
CMOS HI-5700 
works by altemately switching 
between a 


"Sample" 
mode and an "Auto-Zero" 
mode. Splitting up the 
comparison 
process in this CMOS technique offers a num- 
ber of significant 
advantages. 
The offset voltage of each 
CMOS comparator 
is dynamically cancelled with each con- 
version cycle such that offset voltage drift is virtually elimi- 
nated during operation. In addition, the power consumption 
of CMOS circuitry is lower than bipolar, and the input clock 
may be slowed or completely halted to further reduce pow- 
er. The block diagram and timing diagram illustrate how the 
HI-5700 
CMOS flash converter operates. 


The input clock which controls the operation of the HI-5700 
is first split into a non-inverting 
(Phase 1) clock and an in- 
verting (Phase 2) clock. These two clocks, in turn. synchro- 
nize all internal timing of analog switches and control logic 
within the converter. 


In the "Auto-Zero" 
mode, all "Phase 1" switches close and 


"Phase 2" switches open. The output of each comparator is 
momentarily tied to its own input, self-biasing 
the compara- 
tor midway between GND and AVDD and presenting a low 
impedance 
to a small input capacitor. 
Each capacitor, 
in 
turn, is connected to a reference voltage tap from the resis- 
tor ladder. The Auto-Zero 
mode quickly 
pre-charges 
all 
256 
input capacitors 
between 
the self-bias 
voltage 
and 
each respective tap voltage. 


In the "Sample" 
mode, all "Phase 
1" switches 
open and 
"Phase 2" switches close. This suddenly places each com- 
parator into a sensitive high-gain 
amplifier configuration. 
In 
this open loop state, the input impedance is very high (like 
the input of a CMOS gate) and any small voltage shift at the 
input 
will 
now drive 
the output 
either 
high or low. The 
"Phase 2" state also switches each input capacitor from its 
reference tap to the input signal. This instantly transfers any 
voltage difference between the reference tap and input volt- 
age to the comparator 
input. All 256 comparators 
are thus 
driven simultaneously 
to a defined logic output. For exam- 
ple. if the input voltage 
is at mid-scale, 
capacitors 
pre- 
charged near zero during "Phase 1" will push comparator 
inputs higher than the self-bias 
voltage at "Phase 2"; ca- 
pacitors pre-charged 
near the reference voltage push the 
respective comparator 
inputs lower than the bias point. In 
general, all capacitors 
pre-charged 
by taps above the input 
voltage force a "low" 
voltage at comparator 
inputs; those 
pre-charged 
below the input voltage force "high" 
inputs at 
the comparators. 


During the next "Phase 1" Auto-Zero 
state, comparator out- 


put data is latched into the encoder logic block and the first 
stage of encoding 
takes place. The following 
"Phase 
2" 
state completes the encoding process. The 8 data bits (plus 
overflow bit) are latched into the output flip-flops 
at the next 
falling clock edge. The Overflow bit is set if the input voltage 
exceeds (VREF(+)-1/2LSB). 
The output bus may be either 
enabled or disabled according to the state of CE1 and CE2 
(see Truth Table). When disabled, output bits assume a high 
impedance state. 


As shown 
in the timing 
diagram, the digital 
output word 
becomes 
valid 
after the 
second 
"Phase 
1" 
state 
after 
sampling. There is thus a one and a half clock cycle delay 
between 
input 
sample 
and digital 
output. 
"Data 
Output 
Delay" time indicates the slight time delay for data to be- 
come valid the in "Phase 1" state. Refer to the Glossary of 
Terms for other definitions. 


Applications 
Information 


Signal Source 


The input to the HI-5700 
should be driven by a high output 
drive amplifier or buffer such as the HA-5033. 
The signal 
source must handle significant 
transient currents from the 
large dynamic 
capacitive 
load that occurs 
during conver- 
sion. The signal source may drive above or below the power 
supply 
rails, but should 
not exceed 
about 
0.5V beyond 
the 
rails 
or 
damage 
may 
occur. 
Input 
voltages 
of 
-0.5V to 1/2LSB are converted to all zeros; input voltages of 
(VREF(+)-1/2LSB) 
to 
(AVOD+0.5V) 
are 
converted 


to all ones with Overflow bit set. 


Power Supplies 


The HI-5700 
operates nominally 
from 5 volt supplies 
but 
will work from 3 volts to 6 volts. Power to the device is split 
such that analog and digital circuits within the HI-5700 
are 
powered separately. The analog supply should be well reg- 
ulated and "clean" 
from significant 
noise, especially 
high 
frequency 
noise. 
The 
digital 
supply 
should 
match 
the 
analog supply within about 0.5 volts and should be refer- 
enced externally 
to the analog 
supply 
at a single 
point. 


Analog 
and digital 
grounds 
should 
not be separated 
by 
more than 0.5 volts. It is recommended 
that power supply 
decoupling capacitors be placed as close to the supply pins 
as possible. A combination 
of 0.01 ~F ceramic 
and 1O~F 
tantalum capacitors 
are recommended 
for this purpose as 
shown in the application 
circuit schematic. 


Reducing 
Power 
Consumption 


Power 
dissipation 
in 
the 
HI-5700 
is 
related 
to 
clock 
frequency and clock duty cycle. For a fixed 50% clock duty 
cycle. power 
may be reduced 
by lowering 
the clock fre- 
quency. 
For given conversion 
frequency, 
power 
may be 
reduced by reducing the Auto-Zero 
("Phase 1") portion of 
the clock duty cycle (up to the minimum tAZ limit). This rela- 
tionship is illustrated in the Performance Curves. Power can 
be minimized by halting the clock in the Sample ("Phase 2") 
state. 


..--------------------------------------, 
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Applications 
Information 
(Continued) 


Voltage 
Reference 


The reference voltage Is applied across the resistor ladder 
at the Input of the converter, between VREF(+) and VREF(-). 
In most 
applications, 
VREF(-) 
Is simply 
tied 
to analog 
ground such that the reference source drives VREF(+). The 
reference must be capable of supplying 
enough current to 
drive the minimum ladder resistance of 210 Ohms over tem- 
perature. 


The HI-5700 
Is specified for a reference voltage of 4.0 volts, 
but will operate with voltages as high as the AVO0 supply. 
In the case of 4.0 volt reference operation, 
the converter 
encodes 
the 
analog 
Input 
Into a binary 
output 
In LSB 
increments 
of 
(VREF(+) 
- 
VREF(-»/256, 
or 
15.6mV. 


Reducing 
the 
reference 
voltage 
reduces 
the 
LSB 
size 
proportionately 
and will thus increase linearity errors. The 
minimum 
practical 
reference 
voltage 
is about 
2.5 volts. 


Because the reference voltage terminals are subjected to in- 
ternal transient currents during conversion, It Is important to 
drive the reference pins from a low impedance source and 
to 
decouple 
thoroughly. 
Again, 
ceramic 
and 
tantalum 
(0.01 ~F and lO~F) capacitors 
near the package 
pin are 
recommended. 
It is not necessary to decouple the 1/4REF, 
1/2REF and 3/4REF tap point pins for most applications. 


It is possible to elevate VREF(-) from ground if necessary. In 
this 
case, the VREF(-) 
pin must 
be driven 
from 
a low 
impedance 
reference 
capable 
of 
sinking 
the 
current 
through 
the resistor 
ladder. 
Careful decoupllng 
Is again 
recommended. 


Digital 
Control 
and Interface 


The HI-5700 
provides a standard 
high speed interface to 
external CMOS and TIL logic families. Two chip enable in- 
puts 
control 
the 
th ree-state 
outputs 
of output 
bits 
DO 
through 07 and the Overflow (OFW) bit. As indicated in the 
Truth Table, all output bits are high impedance when CE2 is 
low, and output bits DOthrough 07 are independently 
con- 
trolled by CE1. 


Clock 


The clock should be properly terminated to digital ground 
near the clock input pin. Clock frequency defines the con- 
version frequency and controls the converter as described 
in 
the 
"Theory 
of 
Operation" 
section. 
The 
Auto-Zero 
("Phase 1") half cycle of the clock may be reduced to 25ns; 
the Sample ("Phase 
2") half cycle may be varied from a 
minimum of 25ns to a maximum of 5~s. Refer to the Timing 
Parameters table and the Timing Diagram for more informa- 
tion. 


Zeroing 
Full Scale Error and VIO Error 


Full Scale Error may be zeroed by adjusting the reference 
voltage higher or lower such that the 254 to 255 code tran- 
sition 
occurs 
at the 
ideal 
location. 
VIO 
Error 
may 
be 
adjusted in a similar fashion if a negative reference voltage 
is used. 
In this case the negative 
reference 
should 
be 
adjusted such that the 0 to 1 code transition occures at the 
ideal location. 


Glossary of Terms 


Aperture 
Delay: 
Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to clock path propagation 
delays. 


Aperture 
Jitter: 
This is the rms variation In the aperture 
delay due to random noise effects. 


Differential 
Linearity 
Error: 
The differential linearity error 
is the difference in LSBs between the spacing of the meas- 
ured midpoint of adjacent codes and the spacing of ideal 
midpoints 
of adjacent 
codes. The ideal spacing 
of each 
midpoint Is 1.0LSB. The range of values that are possible 
are minimum of -1.0LSB 
(which implies a missing code) to 
positive values that can exceed +1.0LSB. 


Full Power Input Bandwidth: 
Full power bandwidth is the 
frequency at which the amplitude of the fundamental 
of the 
digital output word has decreased 3dB below the amplitude 
of an Input sine wave. The input sine wave has a peak to 
peak amplitude 
equal to the reference voltage. The band- 
width given is measured at the specified sampling frequen- 
cy. 


Full Scale Error: 
Full Scale Error is the difference between 
the actual bput 
voltage of the 254 to 255 code transition 
and the ideal value of (VREF(+) - 
1.5LSB). This error is 
expressed in LSBs. 


Integral 
linearity 
Error: 
The integral linearity error is the 
difference in LSBs between the measured code centers and 
the ideal code centers. The ideal code centers are calcu- 
lated using a straight line drawn between the endpoints of 
the converter's transfer function. 
• 
LSB: 
Least Significant 
Bit = (VREF(+) - VREF(-»/256. 
All 
HI-5700 
specifications 
are given for a 15.6mV LSB size 
(VREF(+) = 4.0V, VREF(-) = O.OV). 


Power 
Supply 
Rejection 
Ratio: 
PSRR is expressed 
In 
LSBs and is the maximum shift in code transition points due 
to a power supply voltage shift. This is measured at the 0 to 
1 code transition point and the 254 to 255 code transition 
point with a power supply 
voltage shift from the nominal 
value of 5.0V. 


Signal 
to Noise 
Ratio (SNR); The ratio in dB of the rms 
signal 
to 
rms 
noise 
at 
specified 
input 
and 
sampling 
frequencies. 


Signal to Noise Ratio (SINAD): 
The ratio in dB of the rms 
signal to the rms sum of the noise and harmonic distortion 
at specified input and sampling frequencies. 


Total 
Harmonic 
Distortion 
(THO): The ratio in dB of the 
rms sum of the first five harmonic components 
to the rms 
signal for a specified input and sampling frequency. 


VIO Error: 
The difference between the actual input voltage 
of the 0 to 1 code transition and the ideal value of (VREF(-) 
+ 0.5LSB). VIO Error is expressed in LSBs. 
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In·":1 
\DIIS, 
'/2L~d 
lI'-'tlt-=SH:L~ts) 
(±LSB) 
(±%FSR) 
IN 
Buffer 
(V) 
Range (0C) 
Comment 


AD7523 
8 
200ns 
0.2 
:Yz 
Guaranteed 
1.8max. 
I 
No 
51016 
Oto +70 
Multiplying 
DAC 


max. 
0.1 
: V" 
monotonic 
-55 to +125 
Industry 
standard 


0.05 :v. 


CA3338 
8 
20ns 
0.4 
:1 
'14 
V 
Yes 
5 
-4010 +85 
Video applications 


CA3338A 
0.3 
:31" 
'h 
-55 to +125 
Low glitch 


AD7520 
10 
500ns 
0.2 
:2 
0.3 
I 
No 
51016 
010 +70 
Multiplying 
DAC 


AD7530 
0.1 
:1 
-2510 +85 
Industry 
standard 


0.05 
:1fz 
-5510 
+125 


AD7533 
10 
800ns 
0.2 
:2 
1.5max 
I 
No 
5 to 16 
010 +70 
Multiplying 
DAC 


max. 
0.1 
:1 
Industry 
standard 
0.05 
: Yz 
Low cost 


AD7521 
12 
500ns 
0.2 
:8 
0.3 
I 
No 
51016 
Oto +70 
Multiplying 
DAC 


AD7531 
0.1 
:4 
-25to 
+85 
Induslry standard 


0.05 
:2 
-5510 +125 


AD7541 
12 
1~s 
0.024 : 1 
O.4max. 
I 
No 
5to 16 
010 +70 
Multiplying 
DAC 


max. 
0.012 :Yz 
-2510 +85 
High per10rmance 
0.012 : 'h 
>'h 
-55 to +125 
Induslry standard 


AD7545 
12 
2~s 
0.05 
:2 
4 
0.6 
I 
Yes 
5 to 15 
o to +70 
Mulilplying 
DAC 


max. 
0.024: 
1 
1 
0.4 
-4010 
+85 
Industry 
standard 
0.012: 
'h 
1 
0.2 
-55 to +125 


ICL7134 
14 
1~s 
0.012: 3/2 
12 Bil 
0.024 
I 
Yes 
3.510 
010 +70 
On-chip 
PROM 
0.006: 
1 
13 
mono- 
0.012 
double 
6.0 
-2510 +85 
Controlled 
0.003: 
'h 
14 
tonic 
0.006 
-5510 +125 
Correction 
DAC 


ICL7121 
16 
3~s 
0.009: 
6 
14 Bit 
0.04 
I 
Yes 
4.510 
010 +70 
On-chip 
PROM 


max. 
0.006: 
4 
15 
mono- 
0.02 
5.5 
-5510 +125 
Conlrolled 
0.003: 
2 
16 
tonic 
0.01 
Correclion 
DAC 
(1 LSB Iyp.) 


Settling 
Integral 
Non- 
Ditt. Non- 
Gain 
Power 
Res. 
Time to 
Linearity 
Linearity 
Error 
OUI~UI 
Input 
Supply 
Temp. 
Type 
(Bils) 
V.LSB 
(± %FSR : LSB) 
(±LSB) 
(±%FSR) 
I/V 
Buffer 
(V) 
Range (0C) 
Comment 


ICL8018A 
4 
200ns 
0.01 
Maximum 
absolute 
error at any 
I 
No 
+5 
010 +70 
4-bil 
expandable 
ICL8019A 
(12 bils) 
0.1 
Inpul Code 
-15 
-55 to +125 
current-switch 


HI-562A 
12 
300ns 
0.012: 
'h 
'h 
0.024 
I 
No 
+5 
010 +75 
Industry 
standard 
-15 
-25 to +85 
-55 to +125 


HI565A 
12 
350ns 
0.012: V. 
'14 
0.1 
I 
No 
±12 
o to +75 
On-chip 
+10V 


-5510 +125 
reference 


HI-DAC80V 
12 
1.5~s 
0.012: 
'h 
'14 
0.3 
V 
No 
±15 
Oto +75 
On-chip 
reference 
max. 
and output op-amp 


HI-DAC85V 
12 
1.5~s 
0.012:% 
V. 
0.15 
V 
No 
±15 
-25 to +85 
On-chip 
reference 
max. 
and output op-amp 


HI-DAC16B 
16 
1~s 
0.002: 3/2 
1 
0.1 
I 
No 
±15 
Oto +75 
High temperature 
HI-DAC16C 
(14 bits) 
0.0045 : 3 (typ.) 
2 (typ.) 
stability 
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GENERAL DESCRIPTION 
o 
The AD7520/ AD7530 
and AD7521 / AD7531 
are mono- 
C') 
lithic, high accuracy, 
low cost 
10-bit and 12-bit resolution, 
~ 
multiplying 
digital-to-analog 
converters 
(DAC). Harris' 
thin- 
e 
film on CMOS processing 
gives up to 10-bit accuracy 
with 
ce 
TTLICMOS 
compatible 
operation. 
Digital 
inputs 
are fully 
() 
protected 
against static discharge 
by diodes to ground and 


('01 
positive 
supply. 


~ 
Typical 
applications 
include 
digital/analog 
interfacing, 
e 
multiplication 
and division, 
programmable 
power 
supplies, 
ce 
CRT character 
generation, 
digitally controlled 
gain circuits, 
integrators 
and attenuators, 
etc. 


The AD7530 
and AD7531 
are identical 
to the AD7520 
and AD7521, respectively, 
with the exception 
of output leak- 


age current and feedthrough 
specifications, 


-~...-., ---- ...~ . 
10/12-Bit 
Multiplying 
0/ A Converters 


FEATURES 


• AD7520/AD7530: 
10 Bit Resolution; 
8, 9 and 10 Bit 
Linearity 


• AD7521/AD7531: 
12 Bit Resolution; 
8, 9 and 
10 Bit 
Linearity 


• Low 
Power 
Dissipation: 
20mW (Max) 


• Low 
Nonlinearity 
Tempco: 
2 ppm of FSRI'C 


• Current 
Settling 
Time: 
500ns to 0.05% 
of FSR 


• Supply 
Voltage 
Range: 
+ 5V to 
+ 15V 


• TTL/CMOS 
Compatible 


• Full Input 
Static 
Protection 


• /883B 
Processed 
Versions 
Available 


Nonlinearity 
Part Number/Package 


Plastic 
DIP 
CERDIP 
CERDIP 


AD7520JN 
AD7520JD 
AD7520SD 
0.2% (8-Bit) 
AD7530JN 
AD7520SD/883B 
AD7521JN 
AD7521 SD/883B 


AD7531JN 


AD7520KN 
AD7520KD 
AD7520TD 
0.1% (9-Bit) 
AD7530KN 
AD7520TD/883B 
AD7521KN 


AD7531KN 


AD7520LN 
AD7520LD 
AD7520UD 
0.05% (10-Bit) 
AD7530LN 
AD7520UD/883B 
AD7521 LN 


AD7531 LN 


TEMPERATURE 
O'Cto 
+70'C 
- 25'C to + 85'C 
- 55'C to + 125'C 
RANGE 
• 


(Switches 
shown 
for 
Digital 
Inputs 
"High") 
(Resistor 
values 
are nominal) 
Figure 
1: Functional 
Diagram 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
AESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FDA A PARTICULAR 
USE 


.•. 
C') 
II) 
r0- 
C 
C.•.•.•. 
(\I 
II) 
r0- 
CC 
o 
C') 
II) 
r0- 
C 
C.•.•o 


2) Do not apply voltages higher than Voo or less than GNO potential on any terminal except VAEF and RFEEDBACK· 
:: 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
•••• 


operation 01 the device at these or any other conditions above those indicated in the opera/ional 
sections of the specifications 
is 1701implied. Exposure to absolute a 


maximum rating conditions 
for extended periods may affect device reliability. 
4 


AD7520/AD7530 
AD7521/AD7531 


ABSOLUTE 
MAXIMUM 
RATINGS 
(TA = 25·C unless otherwise 
noted) 


Supply Voltage (V+) 
+ 17V 
Operating 
Temperature 
VREF 
± 25V 
IN, KN, LN Versions 
. ..•...... 
O·C to + 70·C 
Digital Input Voltage Range 
.....•..•........ 
V+ to GND 
JD, KD, LD Versions 
- 25·C to 85·C 
Output Voltage Compliance 
-100mV 
to V+ 
SD, TD, UD Versions 
-55·C 
to + 125·C 
Power Dissipation 
(package) 
Storage Temperature 
-65·C 
to 150·C 
up to + 75·C 
450mW 
Lead Temperature 
(Soldering, 
10sec) 
300·C 
derate above 
+ 75·C @ 
.......•.••••.••••.•• 
6mW /"C 


TOP VIEW 
A07521 
(A07531) 


A07520 
(A07530) 
IOUT1 


IOUT1 
RFEEOBACK 
IOUT2 


IOUT2 
VREF 
GNO 


GNO 
V+ 
BIT 1 (MSB) 


BIT 1 (MSB) 
BIT 10 (LSB) 
BIT 2 


BIT 2 
BIT 9 
BIT 3 


BIT 3 
BIT 8 
BIT 4 


BIT4 
BIT 7 
BIT 5 


BIT 5 
BIT 6 
BIT' 


RFEEOBACK 


VREF 


V+ 


BIT 12 (LSB) 


BIT 11 


BIT 10 


BIT 9 


BIT 8 


BIT 7 


Parameter 
Test Conditions 
AD7520 
I 
AD7521 
Unit 
Limit 
(AD7530) 
(AD7531) 


DC ACCURACY 
(Note 
1) 


Resolution 
10 
I 
12 
Bits 


Nonlinearity 
J 
S, T, U: over - 55·C to + 125·C 
Fig. 3 
±O.2 (8-Bit) 
% ofFSR 
Max 


(Note 2) 
S~ 
VERSION 
K 
Fig. 3 
±0.1 (9-Bit) 
% ofFSR 
Max 


T~ 
L 
-10V:<;VREF:<; + 10V 
Fig. 3 
±0.05 
(10-Bit) 
%ofFSR 
Max 


U 


Nonlinearity 
Tempco 
±2 
ppm of FSR/"C 
(Notes 2 and 3) 
Max 


Gain Error (Note 2) 
-10V:<;VREF:<;+10V 
±0.3 
% ofFSR 
Typ 


Gain Error Tempco 
±10 
ppmof 
FSRrC 
Max 


(Notes 2 and 3) 


.•. 
C') 
II)r-ac 
;: 
ELECTRICAL 
CHARACTERISTICS 
(II 
II) 
(Continued) 
r-ac 
o 
C') 
II) 
r-a 
~o 
(II 
II)r-ac 


AD7520/AD7530 
AD7521/AD7531 


Test Conditions 
AD7520 
I 
AD7521 
Unit 
Limit 
Parameter 
(AD7530) 
(AD7531) 


Output 
Leakage 
Current 
Over the specified 
temperature 
±200 
nA 
Max 


(either output) 
range 
(±300) 


Power Supply 
Rejection 
(Note 2) 
Fig. 4 
±0.005 
% FSR/% 
AV+ 
Typ 


AC ACCURACY 
(Note 
3) 


Output 
Current 
Settling 
Time 
To 0.05% 
of FSR (All digital 
Fig. 8 
500 
ns 
Typ 


inputs low to high and high to 


low) 


Feedthrough 
Error 
VREF = 20V pp, 100kHz 
Fig. 7 
10 
mVpp 
Max 


(50kHz) 
All digital inputs low 


REFERENCE 
INPUT 


5k 
Min 


Input Resistance 
All digital inputs high 
10k 
n 
Typ 


IOUT1 at ground. 
20k 
Max 


ANALOG 
OUTPUT 


Voltage 
Compliance 
(both outputs) 
(Note 3) 
See absolute 
max. ratings 


Output 
Capacitance 
IOUT1 
All digital inputs high 
Fig. 6 
120 
pF 
Typ 


(Note 3) 
IOUT2 
37 
pF 
Typ 


IOUT1 
All digital inputs low 
Fig. 6 
37 
pF 
Typ 


IOUT2 
120 
pF 
Typ 


Output 
Noise (both outputs) 
Fig. 5 
Equivalent 
to 10kn 
Typ 
(Note 3) 
Jol:lnson 
noise 


DIGITAL 
INPUTS 


Low State Threshold 
Over the specified 
temp range 
0.8 
V 
Max 


High State Threshold 
2.4 
V 
Min 


Input Current 
(VIN = OV or + 15V) 
±1 
IJ-A 
Max 


Input Coding 
See Tables 
1 & 2 
Binary/Offset 
Binary 


POWER 
REQUIREMENTS 


Power Supply Voltage 
Range 
+5to 
+15 
V 


1+ 
All digital inputs at OV or V+ 
±1 
IJ-A 
Typ 
(Excluding 
Ladder 
Network) 
All digital inputs high or low 
2 
mA 
Max 


Total Power Dissipation 
20 
mW 
Typ 
(Including 
the ladder network) 
• 


NOTES: 
1. 
Full 
scale 
range 
(FSR) 
is 10V 
for unipolar 
and 
± 10V 
for 
bipolar 
modes. 


2. 
Using 
internal 
feedback 
resistor, 
RFEEOBACK. 


3. 
Guaranteed 
by design, 
not 
subject 
to test. 


4. 
Accuracy 
not 
guaranteed 
unless 
outputs 
at GNO 
potential. 


TEST CIRCUITS 
NOTE: The following 
test circuits 


apply 
for 
the 
A07520. 
Similar 
circuits 
are 
used 
for 
the 


A07530, 
A07521 
and A07531. 


Qu •••• 
TECH 


MODEL 
,:WQ 
WAVE 
ANAlVZER 


DEFINITION 
OF TERMS 


NONLINEARITY: 
Error contributed 
by deviation 
of the OAC 
transfer 
function 
from a "best 
straight 
line" 
through 
the ac- 
tual plot of transfer 
function. 
Normally 
expressed 
as a per- 
centage 
of full scale 
range 
or in (sub)multiples 
of 1 LSB. 


RESOLUTION: 
It is addressing 
the smallest 
distinct 
analog 
output 
change 
that a Of A converter 
can produce. 
It is com- 
monly 
expressed 
as the 
number 
of converter 
bits. A con- 
verter 
with resolution 
of n bits can resolve 
output 
changes 
of 2-n of the full-scale 
range, 
e.g. 2-n VREF for a unipolar 
conversion. 
Resolution 
by no means 
implies 
linearity. 


SETTLING 
TIME: Time required 
for the output 
of a OAC to 
settle 
to within 
specified 
error 
band 
around 
its final 
value 
(e.g. Yz LSB) for a given 
digital 
input change, 
i.e. all digital 
inputs 
LOW to HIGH and HIGH to LOW. 


GAIN ERROR: 
The difference 
between 
actual 
and ideal an- 
alog output 
values 
at full-scale 
range, 
i.e. all digital inputs 
at 
HIGH 
state. 
It is expressed 
as a percentage 
of full-scale 
range or in {sub)multiples 
of 1 LSB. 


.•. 
CO) 
II)..- 
C! 
C 
••.• 
FEEDTHROUGH 
ERROR: 
Error caused 
by capacitive 
cou- 


c::t 
pling from VREF to IOUT1 with all digital 
inputs 
LOW. 


II) 
OUTPUT 
CAPACITANCE: 
Capacitance 
from 
IOUTl 
and 
..- 
IOUT2 terminals 
to ground. 
C!C 
OUTPUT 
LEAKAGE 
CURRENT: 
Current 
which 
appears 
on 
o 
IOUTl terminal 
when 
all digital 
inputs 
are LOW or on IOUT2 


CO) 
terminal 
when 
all digital 
inputs 
are. HIGH. 
II)..- 
C! 
C....o 
C'i 
II)..- 
C! 
C 


DETAILED 
DESCRIPTION 
• 


The AD7520, 
AD7530, 
AD7521 
and AD7531 
are mono- 
lithic, 
mUltiplying 
DI A converters. 
A highly 
stable 
thin film 
R-2R 
resistor 
ladder 
network 
and 
NMOS 
SPDT 
switches 
form the basis of the converter 
circuit, 
CMOS 
level shilters 
permit 
low power 
TIL/CMOS 
compatible 
operation. 
An ex- 
ternal 
voltage 
or current 
reference 
and an ope.rational 
am- 
plifier are all that is required 
for most voltage 
output 
applica- 
_ 


tions. 


A simplified 
equivalent 
circuit 
of the DAC is shown 
in Fig- 


ure 9. The NMOS 
SPDT switches 
steer 
the ladder 
leg cur- 
rents 
between 
loun 
and IOUT2 buses 
which 
must be held 
either 
at ground 
potential. 
This 
configuration 
maintains 
a 
constant 
current 
in each ladder 
leg independent 
of the input 
code. 


(Switches shown for Digital Inputs "High") 
Figure 9: AD7520121/30/31 
Functional Diagram 


Converter 
errors 
are further 
reduced 
by using 
separate 
metal interconnections 
between 
the major bits and the out- 
puts. 
Use 
of 
high 
threshold 
switches 
reduces 
the 
offset 
(leakage) 
errors 
to a negligible 
level. 


The level shilter 
circuits 
are comprised 
of three 
inverters 
with 
a positive 
feedback 
from 
the output 
of the second 
to 
the 
first, 
(Figure 
10). 
This 
configuration 
results 
in TILl 
CMOS 
compatible 
operation 
over the full military 
tempera- 


ture 
range. 
With 
the 
ladder 
SPDT 
switches 
driven 
by the 
level shilter, 
each 
switch 
is binarily 
weighted 
for an ON re- 
sistance 
proportional 
to the 
respective 
ladder 
leg current. 


This assures 
a constant 
voltage 
drop 
across 
each 
switch, 
creating 
equipotential 
terminations 
for the 2R ladder 
resis- 
tors and highly accurate 
leg currents. 


AD7520/ AD7530 
AD7521/AD7531 


0330-12 


Figure 11: Unipolar Binary Operation 
(2-auadrant 
Multiplication) 


TABLE 1 
CODE TABLE -: 
UNIPOLAR 
BINARY 
OPERATION 


Digital Input 
Analog Output 


1111111111 
-VREF 
(1-2-n) 


1000000001 
-VREF(%+2-n) 


1000000000 
-VREF/2 


0111111111 
-VREF(%-2-n) 


0000000001 
-VREF(2-n) 


0000000000 
0 
• 


NOTE: 1. LSB~2-n 
VAEF 


2. n~ 10 for 7520, 7530 


n~12for7521, 
7531 


APPLICATIONS 
Unipolar Binary Operation 


The circuit 
configuration 
for operating 
the AD7520 
in uni- 
polar 
mode 
is shown 
in Figure 
11. Similar 
circuits 
can be 
used for AD7521, 
AD7530 
and AD7531. 
With 
positive 
and 
negative 
VREF values 
the circuit 
is capable 
of 2-Quadrant 
mUltiplication. 
The 
"Digital 
Input Codel Analog 
Output 
Val- 
ue" table for unipolar 
mode 
is given 
in Table 
1. 


ZERO 
OFFSET 
ADJUSTMENT 


1. 
Connect 
all digital 
inputs 
to GND. 


2. 
Adjust 
the 
offset 
zero 
adjust 
trim pot of the 
output 
operational 
amplifier 
for OV at VOUT. 


GAIN 
ADJUSTMENT 


1. 
Connect 
all digital 
inputs 
to V + . 


2. 
Monitor 
VOUT for a -VREF 
(1-2-n) 
reading. 
(n= 
10 
for AD7520/30 
and n= 12 for AD7521 131). 


3. 
To decrease 
VOUT, connect 
a series 
resistor 
(0 to 
2500) 
between 
the reference 
voltage 
and the VREF 
terminal. 


4. 
To increase 
VOUT, connect 
a series 
resistor 
(0 to 
2500) 
in the IOUT1 amplifier 
feedback 
loop. 


Bipolar (Offset Binary) Operation 


The circuit 
configuration 
for operating 
the AD7520 
in the 
bipolar 
mode 
is given 
in Figure 
12. Similar 
circuits 
can be 
used for AD7521, 
AD7530 
and AD7531. 
Using offset 
binary 
digital input codes 
and positive 
and negative 
reference 
volt- 
age values, 
4-Quadrant 
multiplication 
can be realized. 
The 
"Digital 
Input Codel Analog 
Output 
Value" 
table 
for bipolar 
mode 
is given 
in Table 
2. 


Figure 12: Bipolar Operation 
(4-Quadrant Multiplication) 


TABLE 2 
CODE TABLE - 
BIPOLAR 
(OFFSET 
BINARY) 
OPERATION 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


1111111111 
-VREF 
(1-2-(n-1» 


1000000001 
-VREF 
(2-(n-1)) 


1000000000 
0 


0111111111 
VREF (2-(n-l) 


0000000001 
VREF (1-2-(n-1) 


0000000000 
VREF 


NOTE:1. LSB~2-(n-l) 
VAEF 
2. n~ 10 for 7520 and 7521 


~ 12 for 7530 and 7531 


AD7520/AD7530 
AD7521/AD7531 


.•. 
C') 
II),... 
Q 


A "Logic 
1" 
input 
at any digital 
input 
forces 
the 
corre- 
~ 
sponding 
ladder switch 
to steer the bit current 
to IOUT1 bus. 
.•• 
A "Logic 
0" 
input 
forces 
the bit current 
to IOUT2 bus. 
For 
: 
any code 
the 
IOUT1 and 
IOUT2 bus 
currents 
are comple- 
,... 
ments of one another. 
The current 
amplifier 
at IOUT2 chang- 
Q 
es the polarity 
of IOUT2 current 
and the transconductance 
4( 
amplifier 
at 'OUT1 output 
sums the two currents. 
This con fig- 
0 
uralion 
doubles 
the output 
range. The difference 
current 
re- 
C') 
suiting at zero offset 
binary code, (MSB = "Logic 
1", All oth- 
~ 
er bits = "Logic 
0"), 
is corrected 
by using an external 
resis- 
Q 
tor, (10 Megohm), 
from VREF to 'OUT2' 
~ 
OFFSET 
ADJUSTMENT 
0 


1. 
Adjust 
VREF to approximately 
+ 1OV. 
: 


2. 
Connect 
all digital 
inputs to "Logic 
1". 
,.. 


3. 
Adjust 
IOUT2 amplifier 
offset 
adjust 
trim pot 
for OV 
Q 


± 1mV at IOUT2 amplifier 
output. 
4( 


4. 
rConnect 
MSB (Bit 1) to "Logic 
1" and all other 
bits 
to "Logic 
0". 


5. 
Adjust 
IOUT1 amplifier 
offset 
adjust 
trimpot 
for OV 


± 1 mV at VOUT. 
GAIN 
ADJUSTMENT 


1. 
Connect 
all digital 
inputs 
to V+. 


2. 
Monitor 
VOUT for a -VREF 
(1-2-(n-1» 
volts 
read- 
ing. (n = 10 for AD7520 
and AD7530, 
and n = 12 for 
AD7521 
and AD7531). 


3. 
To increase 
VOUT, connect 
a series resistor 
of up to 
2500 
between 
VOUT and RFEEDBACK. 


4. 
To decrease 
VOUT, connect 
a series 
resistor 
of up 
to 
2500 
between 
the 
reference 
voltage 
and 
the 
VREF terminal. 


.•. 
(') 
.",.., 


CI 
C;: 
Analog/Digital 
Division 


C'oI 
With the AD7520 
connected 
in its normal 
multiplying 
con- 
~ 
figuration 
as shown 
in Figure 
11, the transfer 
function 
is: 


CI 
(A1 
A2 
A3 
An) 
C 
Va=-VIN 
"21+22+23+"'2n 
o 
where the coefficients 
Ax assume 
a value of 1 for an ON bit 
: 
and 0 for an OFF bit. 


,.., 
By connecting 
the DAC in the feedback 
of an operational 
~ 
amplifier, 
as shown 
in Figure 
13, the transfer 
function 
be- 
•••• 
comes: 
o 
C'oI 
.",.., 


CI 
C 


( 


-VIN 
) 
Va = 


A1 
A2 
A3 
An 
"21 + 22 + 23 +. 
. . 2n 


This 
is division 
of an analog 
variable 
(VIN) by a digital 
word. 
With 
all bits off, the amplifier 
saturates 
to its bound, 
since 
division 
by zero 
isn't 
defined. 
With 
the 
LSB (Bit-10) 
ON, the gain 
is 1023. 
With 
all bits ON, the gain 
is 1 (± 1 
LSB). 


AD7520/AD7530 
AD7521/ AD7531 


OIGITAl 
: 
INPUT: 


For further 
information 
on the use of this device, 
see the 


following 
Application 
Bulletins: 


A018 
"Do's 
and Don'ts 
of Applying 
AID Converters:' 
by 
Peter 
Bradshaw 
and Skip Osgood 


A002 
"Principles 
of Data Acquisition 
and Conversion". 


A042 
"Interpretation 
of Data Converter 
Accuracy 
Specifi- 


cations". 


• 


GENERAL 
DESCRIPTION 


The AD7523 
is a monolithic, 
low cost, high performance, 


10 
bit 
accurate, 
multiplying 
digital-to-analog 
converter 
(DAC), in a 16-pin DIP. 


Harris' thin-film 
resistors 
on CMOS circuitry 
provide 8-bit 
resolution 
(8, 9 and 10-bit accuracy), 
with TIL/CMOS 
com- 
patible operation. 


The AD7523's 
accurate 
four quadrant 
multiplication, 
full 
military 
temperature 
range 
operation, 
full input 
protection 
from damage due to static discharge 
by clamps to V + and 
GND, and very low power dissipation 
make it a very versa- 
tile converter. 


Low noise audio gain controls, 
motor speed controls, 
digi- 


tally controlled 
gain and attenuators 
are a few of the wide 
range of applications 
of the 7523. 


--- 
_·_--·-"-1"':;' 
Q 
01A Converter 
ce 


FEATURES 


• 8, 9 and 10 Bit Linearity 


• Low Gain and Linearity 
Temperature 
Coefficients 


• Full Temperature 
Range 
Operation 


• Static 
Discharge 
Input 
Protection 


• DTL/TTL/CMOS 
Compatible 


• 
+ 5 to 
+ 15 Volts 
Supply 
Range 


• Fast Settling 
Time: 
150ns Max at 25·C 


• Four Quadrant 
Multiplication 


Nonlinearity 
Part Number/Package 


Plastic 
DIP 
CERDIP 


0.2% (8 Bit) 
AD7523JN 


0.1% (9 Bit) 
AD7523KN 
AD7523TD/HR 


0.05% 
(10 Bit) 
AD7523LN 


TEMPERATURE 
RANGE 
O·Cto 
+70·C 
- 55·C to + 125·C 


VREFIN 
10Kfl 
10Kll 
10Kll 
10Kll 


(15) 


20Kn 
20Kfl 
20KII 
20K.lJ 
20KU 
20Kll 


-= (3) 


SPOT 
NMOS 
IOUT2(2) 


SWITCHES 
IOUT1(1) 
I 
I 


I 
I 


6 
6 
RFEEoeACK 


BIT2 
BIT3 
(16) 


(5) 
(6) 


Figure 
1: Functional 
Diagram 
(Switches 
shown 
for 
Digital 
Inputs 
"High") 


NC 


NC 


BIT I (LSB) 


BIT 
7 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
AATIClE 
OF THE 
CONDITION 
OF SALE. 
THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIeu 
OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABIUTY 
AND FITNESS 
FOR A PARTICULAR 
USE 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(V+) 
. 


VREF 
... 


Digital Input Voltage 
Range 
Output 
Voltage 
Compliance 
Power 
Dissipation: 
Plastic 
Package- 
up to +70·C 
derate 
above 
+ 70·C by 


(TA = 2S·C unless otherwise 
noted) 


. .. 
+ 17V 
Ceramic 
Package 
- 


± 2SV 
up to 7S·C 
4S0mW 


. 
V+ 
to GND 
derate 
above 7S·C by . 
.. 6mWrC 
............. 
-100mV 
to V+ 
Operating 
Temperatures 
IN, 
KN, LN Versions 


TO Version 
. 
Storage 
Temperature 
.. 


Lead Temperature 
(Soldering, 
10sec) 


...... 
O·C to + 70·C 


- SS·C to + 12S·C 
- 6S·C to + 1S0·C 
.... 
+300·C 


2. Do not apply 
voltages 
higher 
than 
VDO 
and 
tower 
than 
GND 
to any terminal 
except 
VREF + RFEEDBACK. 


NOTE: Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the 
deVIce. 
These 
arB stress 
ratings 
only 
and 
functional 


operation 
of the device 
at these 
or any 
other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions 
for ex/ended 
periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(V+ = + 1SV, VREF= 
+ 10V, VOUT1 = VOUT2= OV unless 
otherwise 
specified) 


Parameter 
Test Conditions 
TA 
TA 
Unit 
Limit 
+2S·C 
Min-Max 


DC ACCURACY 
(Note 
1) 


Resolution 
8 
8 
Bits 
Min 


Nonlinearity 
(Note 2) 
J 
±0.2 
±0.2 
% ofFSR 
Max 


K 
T 
-10V,;;VREF';; 
+ 10V 
±0.1 
±0.1 
%ofFSR 
Max 


L 
VOUT1 =VOUT2=OV 
±O.OS 
±O.OS 
%ofFSR 
Max 


Monotonicity 
Guaranteed 


Gain Error (Note 2) 
All Digital Inputs high. 
±1.S 
±1.8 
% ofFSR 
Max 


Nonlinearity 
Tempco 
(Notes 
2 and 3) 
-1 OV VREF + 10V 
±2 
ppm of FSRrC 
Max 


Gain Error Tempco 
(Notes 2 and 3) 
±10 
ppm of FSRrC 
Max 


Output 
Leakage 
Current 
VOUT1 =VOUT2=0 
±SO 
±200 
nA 
Max 


(either output) 


ACACCURACY 


Power Supply 
Rejection 
(Note 2) 
V+ = 14.0 to 1S.0V 
±0.02 
±0.03 
% of FSR/% 
tJ,V+ 
Max 


Output 
Current 
Settling 
Time (Note 3) 
To 0.2% 
of FSR, RL = lOOn 
1S0 
200 
ns 
Max 


Feedthrough 
Error (Note 3) 
VREF = 20V pp, 200kHz 
sine wave. 
± 'I. 
±1 
LSB 
Max 
All digital inputs low. 


REFERENCE 
INPUT 


SK 
Min 
All digital inputs high. 
n 
- 


Input Resistance 
(Pin 1S) 
IOUT1 at ground. 
20K 
Max 


Temperature 
Coefficient 
(Note 3) 
-SOO 
ppmrC 
Max 


ANALOG 
OUTPUT 


Output 
Capacitance 
COUT1 
All digital inputs high 
100 
pF 
Max 


(Note 3) 


COUT2 
30 
pF 
Max 


COUT1 
All digital inputs low 
30 
pF 
Max 


COUT2 
100 
pF 
Max 


• 


ELECTRICAL 
CHARACTERISTICS 
(v+ 
= + 15V, VREF= 
+ 10V, VOUTT = VOUT2= OV unless 
otherwise 
specified) 
(Continued) 


Parameter 
Test Conditions 
TA 
I 
TA 
Unit 
Limit 


+ 25°C 
Min-Max 


DIGITAL 
INPUTS 


Low State Threshold 
0.8 
V 
Max 


High State Threshold 
2.4 
V 
Min 


Input Current 
(Low or high) 
V'N=OVor 
+ 15V 
+1 
,...A 
Max 


Input Coding 
See Tables 
1 & 2 
Binary/Offset 
Binary 


Input Capacitance 
(Note 3) 
4 
pF 
Max 


POWER 
REQUIREMENTS 


Power Supply Voltage 
Range 
Accuracy 
is tested 
and guaranteed 
+5to 
+16 
V 


at V+ = + 15V, only. 


I + (Excluding 
Ladder 
Network) 
All digital inputs High or Low 
2 
I 
2.5 
mA 
Max 


NOTES: 1. Full scale range (FSR) is lOV for unipolar and ± lQV for bipolar modes. 


2. Using internal feedback 
resistor, RFEEDBACK. 


3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 


DETAILED 
DESCRIPTION 


The A07523 
is a monolithic 
multiplying 
0/ A converter. 
A 
highly 
stable 
thin 
film 
R-2R 
resistor 
ladder 
network 
and 
NMOS 
SPOT switches 
form 
the basis 
of the converter 
cir- 


cuit, 
CMOS 
level 
shillers 
permit 
low 
power 
TIL/CMOS 


compatible 
operation. 
An ex1ernal voltage 
or current 
refer- 


ence and an operational 
amplifier 
are all that is required 
for 
most voltage 
output 
applications. 


A simplified 
equivalent 
circuit of the OAC is shown 
in Fig- 
ure 3. The NMOS 
SPOT switches 
steer 
the ladder 
leg cur- 
rents 
between 
IOUTT and IOUT2 buses 
which 
must be held 
at ground 
potential. 
This configuration 
maintains 
a constant 
current 
in each ladder 
leg independent 
of the input code. 


Converter 
errors 
are further 
reduced 
by using 
separate 
metal interconnections 
between 
the major bits and the out- 
puts. 
Use 
of 
high 
threshold 
switches 
reduces 
the 
offset 
(leakage) 
errors to a negligible 
level. 


The level shiller 
circuits 
are comprised 
of three 
inverters 
with a positive 
feedback 
from 
the output 
of the second 
to 
the first, (Figure 4). This configuration 
results 
in TIll 
CMOS 
compatible 
operation 
over 
the 
full 
military 
temperature 
range. 
With 
the 
ladder 
SPOT switches 
driven 
by the 
level 
shiller, 
each 
switch 
is binarily 
weighted 
for an ON 
resist- 
ance 
proportional 
to the respective 
ladder 
leg current. 
This 
assures 
a constant 
voltage 
drop across 
each switch, 
creat- 


ing equipotential 
terminations 
for 
the 
2R 
ladder 
resistors 


and highly accurate 
leg currents. 


VREF 
10 kll 
10 kll 
10kll 
10 kll 


(15) 


20 kll 
20 kll 
20 kll 
20 kll 
20 kll 


SPOT 
Nt.lOS 
SWITCHES 
'our2 (2) 


'OUT1 (1) 


RFEEOBACK 
(16) 


NOTES: 1. R1 and R2 used only if gain adjustment is required. 
2. CR1 protects AD7523 against negative transients. 
Figure 5: Unipolar Binary Operation 


APPLICATIONS 
Unipolar Binary Operation 


The circuit configuration 
for operating the AD7523 in uni- 
polar mode is shown in Figure 5. With positive and negative 
VREF values the circuit is capable of 2-Quadrant 
multiplica- 


tion. The "Digital 
Input Codel Analog 
Output Value" 
table 
for unipolar mode is given in Table 1. 
ZERO 
OFFSET 
ADJUSTMENT 


1. 
Connect 
all digital inputs to GND. 


2. 
Adjust 
the offset 
zero adjust trimpot 
of the output 
operational 
amplifier for OV ± 1 mV (max) at VOUT. 


GAIN 
ADJUSTMENT 


1. 
Connect 
all digital inputs to V + . 


2. 
Monitor VOUT for a -VREF 
(1 - 
'128) reading. 


3. 
To increase VOUT, connect 
a series resistor, R2, (0 
to 2500) 
in the IOUTl amplifier feedback 
loop. 


4. 
To decrease VOUT, connect 
a series resistor, R1, (0 
to 2500) 
between 
the reference 
voltage 
and the 
VREF terminal. 


Table 
1. Unipolar 
Binary 
Code 
Table 


Digital Input 
Analog 
Output 
MSB 
LSB 


11111111 
-VREF 
(255) 
256 


10000001 
-VREF 
C29) 
256 


10000000 
-VREF 
C28) = _ VREF 
256 
2 


01111111 
-VREF 
(127) 
256 


00000001 
-VREF 
C~6) 


00000000 
-VREF 
C~6)=0 
• 


:tl0V 
+15V 
VREF 


NOTES: 
1. R3/R4 MATCH0.1% OR SEDER. 
2. Rl. R2 USEDONLYIF GAINADJUSTMENTIS REQUIRED. 
3. CRl & CR2 PROTECTAD7523AGAINSTNEGATIVETRANSIENTS. 


Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 


Bipolar (Offset Binary) Operation 


The circuit 
configuration 
for operating 
the AD7523 
in the 
bipolar 
mode 
is given in Figure 6. Using offset 
binary digital 
input 
codes 
and 
positive 
and 
negative 
reference 
voltage 
values, 
Four-Quadrant 
multiplication 
can 
be realized. 
The 


"Digital 
Input Code! Analog 
Output 
Value" 
table 
for bipolar 
mode 
is given 
in Table 
2. 
Table 
2. Bipolar 
(Offset 
Binary) 
Code 
Table 


Digital 
Input 
Analog Output 
MSB 
LSB 


11111111 
-VREF 
C27) 
128 


10000001 
-VREF 
C~8) 


10000000 
0 


01111111 
+VREF 
C~8) 


00000001 
+VREF 
(127) 
128 


00000000 
+VREF 
C28) 
128 


A "Logic 
1" 
input 
at any digital 
input 
forces 
the 
corre- 
sponding 
ladder switch 
to steer the bit current 
to IOUTl bus. 


A "Logic 
0" 
input 
forces 
the bit current 
to IOUT2 bus. For 
any code 
the 
loun 
and 
IOUT2 bus currents 
are comple- 
ments of one another. 
The current 
amplifier 
at IOUT2 chang- 


es the polarity 
of IOUT2 current 
and the transconductance 


amplifier 
at loun 
output 
sums the two currents. 
This config- 
uration 
doubles 
the output 
range. The difference 
current 
re- 
sulting at zero offset 
binary code, 
(MSB = "Logic 
1", All oth- 
er bits = "Logic 
0"), 
is corrected 
by using an external 
resis- 
tor. (10 Mn), 
from VREF to IOUT2 (Figure 
6). 
OFFSET 
ADJUSTMENT 


1. 
Adjust 
VREF to approximately 
+ 10V. 


2. 
Connect 
all digital 
inputs 
to "Logic 
1". 


3. 
Adjust 
IOUT2 amplifier 
offset 
adjust 
trimpot 
for OV 


± 1 mV at IOUT2 amplifier 
output. 


4. 
Connect 
MSB (Bit 1) to "Logic 
1" and all other 
bits 
to "Logic 
0". 


5. 
Adjust 
IOUT1 amplifier 
offset 
adjust 
trimpot 
for OV 


± 1 mV at VOUT. 
GAIN 
ADJUSTMENT 


1. 
Connect 
all digital 
inputs 
to V + . 


2. 
Monitor 
VOUT for a -VREF 
(1 - 
%7) volts reading. 


3. 
To increase 
VOUT, connect 
a series 
resistor. 
R2, of 
up to 250n 
between 
VOUT and RFEEDBACK. 


4. 
To decrease 
VOUT. connect 
a series resistor. 
R1, of 
up to 250n 
between 
the reference 
voltage 
and the 
VREF terminal. 


C') 
(\I 
II),... 
~ 
POWER DAC DESIGN USING AD7523 


BIT , 


•••• 
, DIGITAL 
,INPUT 
LSlI "D" 


BIT. 
Your 
:= - YIWO 
WHERE: 


D = BIT' + Bin 
+... BITI 
21 
22 
21 


Your 
= VREF [ (A1 
:2 A2) 
- (AlA: DR2) 
] 


Bit 1 
Bit2 
Bit8 
WhereD=21+22+ 
... 28 
• 


DEFINITION OF TERMS 


NONLINEARITY: 
Error contributed 
by deviation 
of·the 
DAC 
transfer 
function 
from a "best 
straight 
line" 
through 
the ac- 
tual plot of transfer 
function. 
Normally 
expressed 
as a per- 
centage 
of full scale 
range or in (sub)multiples 
of 1 LSB. 


RESOLUTION: 
It is addressing 
the smallest 
distinct 
analog 
output 
change 
that a 01A converter 
can produce. 
It is com- 
monly 
expressed 
as the 
number 
of converter 
bits. A con- 
verter 
with resolution 
of n bits can resolve 
output 
changes 
of 2-n 
of the full-scale 
range, 
e.g. 2-n 
VREF for a unipolar 
conversion. 
Resolution 
by no means 
implies 
linearity. 


SETTLING 
TIME: Time required 
for the output 
of a DAC to 
settle 
to within 
specified 
error 
band 
around 
its final 
value 
(e.g. % LSB) for a given 
digital 
input change, 
i.e., all digital 
inputs 
LOW to HIGH and HIGH to LOW. 


GAIN 
ERROR: 
The difference 
between 
actual 
and ideal an- 
alog output 
values 
at full-scale 
range, 
i.e., all digital 
inputs 


at HIGH state. 
It is expressed 
as a percentage 
of full-scale 
range or in (sub)multiples 
of 1 LSB. 


FEEDTHROUGH 
ERROR: 
Error caused 
by capacitive 
cou- 
pling from 
VREF to IOUTl with all digital 
inputs 
LOW. 


OUTPUT 
CAPACITANCE: 
Capacitance 
from 
IOUTl 
and 
IOUT2 terminals 
to ground. 


OUTPUT 
LEAKAGE 
CURRENT: 
Current 
which 
appears 
on 
IOUT1 terminal 
when 
all digital 
inputs 
are LOW or on IOUT2 


terminal 
when 
all digital 
inputs 
are HIGH. 


For further 
information 
on the 
use of this 
device, 
see the 


following 
Application 
Notes: 


A002 
"Principles 
of Data Acquisition 
and Conversion" 


A018 
"Do's 
and Don'ts 
of Applying 
AID 
Converters," 
by 
Peter Bradshaw 
and Skip Osgood 
A042 
"Interpretation 
of Data Conversion 
Accuracy 
Speci- 
fications" 


HARRIS 
SEMICONDUCTOR 


The Harris AD7533 
is a low cost, monolithic 
10-bit, four- 
quadrant 
mUltiplying digital-to-analog 
converter 
(DAC). Har- 
ris' thin-film 
resistor on CMOS circuitry 
provide 
10, 9 and 8 
bit accuracy 
over full temperature 
range. The device 
also 
provides + 5V to + 15V supply voltage range, full input pro- 
tection 
from damage 
due to static discharge 
by clamps 
to 
V+ 
and ground and very low power dissipation. 


Applications 
for the AD7533 
include 
programmable 
gain 
amplifiers, 
digitally 
controlled 
attenuators, 
function 
genera- 
tors and control 
systems. 


Nonlinearity 
Temperature 
Range 


O·C to +70·C 


± 0.2% (8-bit) 
AD7533JN 


± 0.1 % (9-bit) 
AD7533KN 


±0.05% 
(10-bit) 
AD7533LN 


VREFIN 
lOKll 
lOKll 
10Kn 
lOKll 


(15) 


20KU 
20Kll 
2OKf) 
20Kn 


SPOT 
NMOS 
louT2(2) 
SWITCHES 
lOUT1(l) 
, 
, 
, 
I 
• 
• 
RFEEOBACK 


BIT2 
BIT3 
(16) 
(5) 
(6) 


AD7533 
10-Bit Multiplying 
01A Converter 


FEATURES 


• 8, 9 and 10 Bit Linearity 


• Low Gain and Linearity 
Tempcos 


• Full Temperature 
Range 
Operation 


• Full Input 
Static 
Protection 


• TTL/CMOS 
Direct 
Interface 


• + 5 to 
+ 15 Volts 
Supply 
Range 


• Low 
Power 
Dissipation 


• Fast Settling 
Time 


• Four Quadrant 
Multiplication 


• Direct 
AD7520 
Equivalent 


T 
DIN 


~ 


paCkage 
N -1a-Pin 
Plastic DIP 


Nonlinearity 
and Temperature 
Range 


J,K,L - 
Commercial 
O·Cto 
+70·C 


BIT 10 (LSB) 


BIT9 


BIT 8 


BIT 7 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


VREF 
. 


Digital Input Voltage 
Range 


Output 
Voltage 
Compliance 
Power 
Dissipation 


Plastic 
Package: 


up to 70·C 
derates 
above 70·C by 


. 
,.. 
±25V 


...... 
V+ 
to GND 


............... 
-O.1VtoV+ 


IN, 
KN, LN Versions 


Storage 
Temperature 
Range 
..... 


Lead Temperature 
(Soldering, 
10sec) 
, . 


... 
O·C to + 70·C 


- 65·C to 150·C 
+300·C 


2. Do not apply voltages lower than ground or htgher than V + to any pin except VREF and AFB. 


- NOTE: Stresses 
above 
those 
lisled 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
These 
are 
stress 
ratings 
only 
and 
functional 


operation 
of the 
device 
at these 
or any 
other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = + 15V, VREF= 
+ 10V, VOUT1 = VOUT2= ov unless otherwise 
specified.) 


Parameter 
Test Conditions 
TA 
TA 
Limit 
Unit 
+ 25·C 
Min-Max 


DC ACCURACY 
(Note 
1) 


Resolution 
10 
10 
Min 
Bit 


Nonlinearity 
(Note 2) 
J 
±0.2 
±0.2 
Max 
% ofFSR 


K 
-10V"VREF,,+10V 
±0.1 
±0.1 
Max 
% ofFSR 


L 
VOUT1 = VOUT2 = OV 
±0.05 
±0.05 
Max 
%ofFSR 


Gain Error (Note 2 and 5) 
All Digital Inputs High 
±1.4 
±1.5 
Max 
%ofFSR 


Output 
Leakage 
Current 
(either output) 
VREF=±10V 
±50 
±200 
Max 
nA 


ACACCURACY 


Power Supply Rejection 
(Note 2) 
V+ = 14.0 to 17.0V 
±0.005 
±0.008 
Max 
% of FSR/%IlV+ 


Output 
Current 
Settling 
Time (Note 3) 
To 0.05% 
of FSR, RL = 100n 
600 
800 
Max 
ns 


Feedthrough 
Error (Note 3) 
VREF=20Vpp, 
100kHz sine wave. 
±0.05 
±0.1 
Max 
%FSR 
Digital inputs low. 


REFERENCE 
INPUT 


5k 
Min 


Input Resistance 
(Pin 15) 
All digital inputs high. 
20k 
Max 
n 


Temperature 
Coefficient 
-300 
Typ 
ppmrG 


ANALOG 
OUTPUT 


Both outputs. 


Voltage 
Compliance 
(Note 3) 
See maximum 
ratings 
-100mVtoV+ 


Output 
Capacitance 
(Note 3) 
GOUT1 
All digital inputs high 
100 
Max 
pF 


GOUT2 
35 
Max 
pF 


GOUT1 
All digital inputs low 
35 
Max 
pF 


COUT2 
100 
Max 
pF 


• 


Parameter 
Test 
Conditions< 
TA 
I 


TA 
Limit 
Unit 


+2S"C 
Min-Max 


DIGITAL 
INPUTS 


Low State Threshold 
0.8 
Max 
V 


High State Threshold 
2.4 
Min 
V 


Input Current 
Low or High 
VIN=OV 
and V+ 
±1 
Max 
I-'A 


Input Coding 
See Tables 
1 & 2 
Binary/Offset 
Binary 


Input Capacitance 
(Note 3) 
5 
Max 
pF 


POWER 
REQUIREMENTS 


VDD 
Rated Accuracy 
+15±10% 
V 


Power Supply Voltage 
Range 
+5to 
+16 
V 


I + (Excluding 
Ladder 
Network) 
Oigitallnputs 
High or Low 
2 
I 
2.5 
Max 
mA 


Oigitallnputs=OV 
or V+ 
100 
I 
150 
Max 
I-'A 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and ± 10V for bipolar modes. 


2. Using internal feedback resistor, RFEEDBACK. 
3. Guaranteed 
by design; not subject to test. 


4. Accuracy 
not guaranteed 
unless outputs at ground potential. 


5. Full scale (FS)~ -(VAEF)' 
(1023/1024) 


DETAILED DESCRIPTION 


The Harris A07533 
is a 10 bit, monolithic, 
multiplying 
0/ A 
converter. 
A highly stable 
thin film R-2R resistor 
ladder 
net- 
work and NMOS 
SPOT switches 
form the basis of the con- 


verter 
circuit. 
CMOS 
level 
shifters 
permit 
low power 
TTLI 
CMOS 
compatible 
operation. 
An external 
voltage 
or current 
reference 
and 
an operational 
amplifier 
are 
all that 
is re- 
quired 
for most voltage 
output 
applications. 


A simplified 
equivalent 
circuit 
of the OAC is shown 
in Fig- 
ure 3. The NMOS 
SPOT switches 
steer 
the ladder 
leg cur- 


rents 
between 
IOUT1 
and 
IOUT2 
busses 
which 
must 
be 


held at ground 
potential. 
This configuration 
maintains 
a con- 
stant 
current 
in each 
ladder 
leg independent 
of the 
input 


code. 


SPDT 
NMOS 
SWITCHES 


(Switches 
shown 
for Digital 
Inputs "High") 
Figure 
3 


The level shilter 
circuits 
are comprised 
of three 
inverters 


with 
a positive 
feedback 
from 
the output 
of the second 
to 
the first, (Figure 4). This configuration 
results 
in TTL/CMOS 


compatible 
operation 
over 
the 
full 
military 
temperature 


range. 
With 
the 
ladder 
SPOT switches 
driven 
by the level 


shifter, 
each switch 
is binarily 
weighted 
for an "ON" 
resist- 
ance 
proportional 
to the respective 
ladder 
leg current. 
This 


assures 
a constant 
voltage 
drop across 
each switch, 
creat- 
ing equipotential 
terminations 
for the 2R ladder resistors 
re- 
sulting 
in accurate 
leg currents. 


UNIPOLAR 
OPERATION 
(2-QUADRANT 
MULTIPLICATION) 


UNIPOLAR 


DIGITAL 


INPUT 


NOTES: 
1. 
R1 
and 
R2 
used 
only 
if gain 
adjustment 
is required. 


2. Schottky diode CR1 (HP5082-2811 
or equiv) protects 


oun 
terminal 
against 
negative 
transients. 


Figure 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


Digital 
Input 
Nominal Analog Output 
MSB 
LSB 
(VOUT as shown 
in Figure 3) 


1111111111 
-VREF 
C 
023 
) 
1024 


( 513 ) 
1000000001 
-VREF 
1024 


1000000000 
-VREF 
(~ 
)= 
_ VREF 
1024 
2 


( 511 ) 
0111111111 
-VREF 
1024 


0000000001 
-VREF 
(1012J 


0000000000 
-VREF 
(10 
0 
2J=0 • 


NOTES: 
1. 
Nominal 
Full 
Scale 
for the 
circuit 
of Figure 
5 is given 
by 


(1023) 
FS~-VAEF 
--1024 


2. 
Nominal 
LSB 
magnitude 
for the 
circuit 
of Figure 
5 is given 
by 


LSB~VAEF (_1_) 
1024 


BIPOLAR OPERATION 
(4-QUADRANT 
MULTIPLICATION) 


VREF 
t IOV 
V+ 


BIPOLAR 
I 
OIGITAL 
: 
1 
~P~ 
2 


NOTES: 1. R3/R4 
match 0.05% or better. 


2. 
R1 
and 
R2 
used 
only 
if gain 
adjustment 
is required. 


3. Schottky diodes CAl 
and CR2 (HP5082·2811 
or equiv) protect OUTl 
and OUT2 terminals against negative transients. 


Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 


Table 2. Bipolar (Offset Binary) 


Code 
Table 


Digital 
Input 
Nominal Analog Output 


MSB 
LSB 
(VOUT as shown in Figure 4) 


1111111111 
-VREF (~) 
512 


1000000001 
-VREF 
(5~2) 


1000000000 
0 


0111111111 
+VREF 
(5~2) 


0000000001 
+VREF (~) 
512 


0000000000 
+VREF 
(512) 
512 


NOTES: 
1. 
Nominal 
Full 
Scale 
for the 
circuit 
of Figure 
6 is given 
by 


(1023) 
FSR~VAEF 
-512 


2. 
Nominal 
LSB 
magnitude 
for the 
circuit 
of Figure 
6 is given 
by 


LSB~VAEF 
(~)512 


APPLICATIONS 
Unipolar Binary Operation 


The circuit 
configuration 
for operating 
the AD7533 
in uni- 
polar mode is shown 
in Figure 5. With positive 
and negative 
VREF values 
the circuit 
is capable 
of 2-Quadrant 
multiplica- 
tion. 
The 
"Digital 
Input 
Code/Analog 
Output 
Value" 
table 
for unipolar 
mode 
is given 
in Table 
1. 


ZERO 
OFFSET 
ADJUSTMENT 


1. Connect 
all digital 
inputs 
to GND. 


2. Adjust the offset 
zero adjust trimpot 
of the output 
oper- 
ational 
amplifier 
for OV ± 1 mV at VOUT. 


GAIN 
ADJUSTMENT 


1. Connect 
all digital 
inputs to V + . 


2. Monitor 
VOUT for a -VREF(1 
- 
2-10) 
reading. 


3. To decrease 
VOUT, connect 
a series 
resistor 
(On 
to 
250n) 
between 
the 
reference 
voltage 
and 
the 
VREF 
terminal. 


4. To 
increase 
VOUT, connect 
a series 
resistor 
(On 
to 
250n) 
in the IOUTl amplifier 
feedback 
loop. 


Bipolar (Offset Binary) Operation 


The circuit 
configuration 
for operating 
the AD7533 
in the 
bipolar 
mode 
is given 
in Figure 6. Using offset 
binary digital 
input 
codes 
and 
positive 
and 
negative 
reference 
voltage 
values, 
4-Quadrant 
multiplication 
can be realized. 
The "Digi- 
tal Input Codel Analog 
Output 
Value" 
table for bipolar 
mode 
is given 
in Table 
2. 


A "Logic 
1" 
input 
at any digital 
input 
forces 
the 
corre- 
sponding 
ladder switch 
to steer the bit current 
to IOUT1 bus. 
A "Logic 
0" 
input 
forces 
the bit current 
to IOUT2 bus. For 
any 
code 
the 
loun 
and 
IOUT2 bus 
currents 
are comple- 
ments of one another. 
The current 
amplifier 
at IOUT2 chang- 
es the polarity 
of IOUT2 current 
and the transconductance 
amplifier 
at loun 
output 
sums the two currents. 
This config- 
uration 
doubles 
the output 
range. The difference 
current 
re- 
sulting 
at zero 
offset 
binary 
code, 
(MSB 
= "Logic 
1", 
All 
other 
bits 
= "Logic 
0"), 
is corrected 
by using 
an external 
resistor, 
(10 Mfl), 
from VREF to IOUT2' 


0332-8 


Figure 7: lO-Bit and Sign Multiplying DAC 


OFFSET 
ADJUSTMENT 


1. Adjust 
VREF to approximately 
+ 10V. 


2. Connect 
all digital 
inputs 
to "Logic 
1". 


3. Adjust 
IOUT2 amplifier 
offset adjust trim pot for 
OV ± 1 mV at IOUT2 amplifier 
output. 


4. Connect 
MSB (Bit 1) to "Logic 
1" and all other 
bits to 


"Logic 
0". 


5. Adjust 
IOUT1 amplifier 
offset adjust trimpot 
for 
OV ± 1 mV at VOUT. 
GAIN 
ADJUSTMENT 


1. Connect 
all digital 
inputs to V + . 


2. Monitor 
VOUT for a -VREF(1 
- 
2-9) 
volts 
reading. 


3. To increase 
VOUT, connect 
a series 
resistor 
of up to 
250fl 
between 
VOUT and RFEEDBACK· 


4. To decrease 
VOUT, connect 
a series 
resistor 
of up to 
250fl 
between 
the reference 
voltage 
and the VREF ter- 
minal. 


DEFINITION OF TERMS 


NONLINEARITY: 
Error contributed 
by deviation 
of the DAC 
transfer 
function 
from a "best 
straight 
line" 
through 
the ac- 


tual plot of transfer 
function. 
Normally 
expressed 
as a per- 
centage 
of full scale 
range or in (sub)multiples 
of 1 LSB. 


RESOLUTION: 
It is addressing 
the smallest 
distinct 
analog 
output 
change 
that a DI A converter 
can produce. 
It is com- 
monly 
expressed 
as the 
number 
of converter 
bits. A con- 
verter 
with resolution 
of n bits can resolve 
output 
changes 
of 2-n 
of the full-scale 
range, 
e.g. 2-n 
VREF for a unipolar 
conversion. 
Resolution 
by no means 
implies 
linearity. 


SETTLING 
TIME: Time required 
for the output 
of a DAC to 
settle 
to within 
specified 
error 
band 
around 
its final 
value 
(e.g., 'Iz LSB) for a given 
digital 
input change, 
i.e. all digital 
inputs 
LOW to HIGH and HIGH to LOW. 


GAIN ERROR: 
The differp.nce 
between 
actual 
and ideal an- 
alog output 
values 
at full-scale 
range, i.e. all digital inputs at 
HIGH 
state. 
It is expressed 
as a percentage 
of full-scale 
range or in (sub)multiples 
of 1 LSB. 


FEEDTHROUGH 
ERROR: 
Error caused 
by capacitive 
cou- 
pling from VREF to IOUT1 with all digital 
inputs 
LOW. 


OUTPUT 
CAPACITANCE: 
Capacitance 
from 
IOUT1 and 
IOUT2 terminals 
to ground. 


OUTPUT 
LEAKAGE 
CURRENT: 
Current 
which 
appears 
on 
IOUT1 terminal 
when 
all digital 
inputs 
are LOW or on IOUT2 


terminal 
when 
all digital 
inputs 
are HIGH. • 


R;;f 


SQUARE 


WAVE 


AqA 


TRIANGUUR 


WAVE 


GENERAL 
DESCRIPTION 


The 
Harris AD7541 
is a monolithic, 
low cost, 
high per- 


formance, 
12-bit accurate, 
multiplying 
digital-to-analog 
con- 


verter (DAC). 


Harris' 
wafer 
level 
laser-trimmed 
thin-film 
resistors 
on 


CMOS circuitry 
provide true 12-bit linearity with TIll 
CMOS 


compatible 
operation. 


Special tabbed-resistor 
geometries 
(improving time stabil- 


ity), full 
input 
protection 
from 
damage 
due to static 
dis- 


charge by diode clamps to V + and ground, large IOUT1and 
IOUT2 bus lines (improving 
superposition 
errors) 
are some 
of the features 
offered 
by Harris AD7541. 


Pin compatible 
with AD7521, 
this new DAC provides 
ac- 


curate four quadrant 
multiplication 
over the full military tem- 


perature 
range. 


Part Number/Temperature 
Range 


Nonlinearity 
O°C to 
-25°C 
to 
-55°C 
to 


+ 70°C 
+ 85°C 
+ 125°C 


0.02% 
AD7541JN 
AD7541AD 
AD7541SD 
(11-bit) 


0.01% 
AD7541KN 
AD7541BD 
AD7541TD 
(12-bit) 


0.01% 


(12-bit) 
AD7541LN 
- 
- 


Guaranteed 


Monotonic 


Figure 
1: Functional 
Diagram 
(Switches 
shown 
for 
Digital 
Inputs 
'High') 


1'::-011 MUlllplymg 
D/A Converter 


FEATURES 


• 12 Bit Linearity 
(0.01%) 


• Pretrimmed 
Gain 


• Low Gain and Linearity 
Tempcos 


• Full Temperature 
Range 
Operation 


• Full Input 
Static 
Protection 


• DTL/TTL/CMOS 
Compatible 
• + 5 to + 15 Volts 
Supply 
Range 


• Low 
Power 
Dissipation 
(20mW) 


• Current 
Settling 
Time: 
1fLS to 0.01% 
of FSR 


• Four Quadrant 
Multiplication 


• 883B Processed 
Versions 
Available 


Figure 
2: Pin Configuration 


(Outline 
dwgs 
DN, PN) 


HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARRANTY 
OBLIGATION 
WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE AND SHALL BE IN LIEU OF All 
OTHER WARRANTIES, 
EXPRESS, IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(TA = 25·C unless otherwise 
noted) 


V + 
+ 17V 
Operating 
Temperature 
Range: 


VREF 
......................•.................. 
± 25V 
JN, KN, LN Versions 
O·C to + 70·C 


Digital Input Voltage 
Range 
GND to V + 
AD, BD Versions 
- 25·C to + 85·C 


Output 
Voltage 
Compliance 
-100mV 
to V+ 
SO, TO Versions 
-55·C 
to + 125·C 


Power 
Dissipation 
(package): 
Storage 
Temperature 
-65·C 
to + 150·C 


up to + 75·C 
...............•..•............ 
450mW 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


derate 
above 
+ 75·C by 
6mW rc 


CAUTION 


1. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected 
units under high energy electrostatic 
fields. Keep unused 
units in conductive 
foam at all times. 


2. Do not apply voltages 
higher than Voo or less than GNO potential on any terminal except VREF and RFEED8ACK. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage /0 the device. These arB stress ratings only and func/ional 
operation of the device a/ these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliabl1ity. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = + 15V, VREF= 
+ 10V. VOUT1 =VOUT2=OV, 
TA =25·C 
unless 
otherwise 
specified) 


Parameter 
Test 
Conditions 
TA 
TA 
Limit 
Fig. 
Unit 
+2S·C 
Min-Max 


DC ACCURACY 
(Note 
1) 


Resolution 
12 
12 
Min 
Bits 


Nonlinearity 
(Note 2) 
A 
S 
J 
±0.024 
±0.024 
Max 
% ofFSR 


B 
T 
K 
-10V,;VREF,;+10V 
±0.012 
±0.012 
Max 
3 
% ofFSR 


L 
VOUT1 = VOUT2 = 
OV 
±0.012 
±0.012 
Max 
% ofFSR 


Guaranteed 


Monotonic 


Gain Error (Note 2) 
-10V,;VREF'; 
+ 10V 
±0.3 
±0.4 
Max 
% ofFSR 


Output 
Leakage 
Current 
(either output) 
VOUT1 =VOUT2=O 
±50 
±200 
Max 
nA 


AC ACCURACY 
(Note 
3) 


Power Supply 
Rejection 
(Note 2) 
V+ = 14.5 to 15.5V 
±0.005 
±0.01 
Max 
4 
% of FSR/%/% 
I!.V+ 


Output Current 
Settling 
Time 
To 0.01 % of FSR 
1 
Max 
8 
flos 


Feedthrough 
Error 
VREF = 20V pp, 10kHz. 
1 
Max 
7 
mVpp 


All digital inputs low. 


REFERENCE 
INPUT 


5 
Min 


Input Resistance 
All digital inputs high. 
10 
Typ 
kJ1 


IOUTl at ground. 
20 
Max 


ANALOG 
OUTPUT 


Both outputs. 


Voltage 
Compliance 
(Note 4) 
See maximum 
ratings. 
-100mVtoV+ 


Output Capacitance 
(Note 3) 
Coun 
All digital inputs high 
200 
Max 
6 
pF 


COUT2 
60 
Max 
pF 


COUT1 
All digital inputs low 
60 
Max 
6 
pF 


COUT2 
200 
Max 
pF 


Output 
Noise (both outputs) 
Equivalentto 
10K!} 
Typ 
5 


Johnson 
noise 


• 


ELECTRICAL 
CHARACTERISTICS 
(V+ = + 15V, VREF= 
+ 10V, VOUT1 =VOUT2=OV, 
TA =25'C 
unless 
otherwise 
specified) 
(Continued) 


Test Conditions 
TA 
I 
TA 
Limit 
Fig. 
Unit 
Parameter 
+ 25'C 
Min-Max 


DIGITAL INPUTS 


Low State Threshold 
(VINLl 
0.8 
Max 
V- 
High State Threshold 
(VINH) 
2.4 
Min 
V 


Input Current 
VIN=OorV+ 
±1 
Max 
!-LA 


Input Coding 
See Tables 
1 & 2 
Binary/Offset 
Binary 


Input Capacitance 
(Note 3) 
8 
Max 
pF 


POWER REQUIREMENTS 


Accuracy 
is not guaranteed 


Power Supply Voltage 
Range 
over this range 
+5to 
+16 
V 


I+ (Excluding 
Ladder 
Network) 
All digital inputs High or Low 
2.0 
I 
2.5 
Max 
mA 


Total Power Dissipation 
(Including 
the ladder) 
20 
Typ 
mW 


NOTES: 
1. 
Full 
scale 
range 
(FSR) 
is 10V 
for unipolar 
and 
± 10V 
for bipolar 
modes. 


2. 
Using 
internal 
feedback 
resistor, 
AFEEOBACK- 


3. Guaranteed by design; not subject to test. 


4. 
Accuracy 
not 
guaranteed 
unless 
outputs 
at ground 
,potential. 


Figure 4: Power Supply Rejection 
Test Circuit 


au••• 
,"eH 
MODEL,_ 


WAn 


ANM.YZER 
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Figure 6: Output Capacitance Test Circuit 


BIT 1 (M58) 
17•5 


BIT 
1 (MS8) 
417 


5 
A07541 
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Figure 8: Output Current Settling Time 
Test Circuit 


DEFINITION 
OF TERMS 


NONLINEARITY: 
Error contributed 
by deviation 
of the DAC 


transfer 
function 
from a best straight 
line function. 
Normally 
expressed 
as a percentage 
of full scale 
range. 
For a multi- 


plying 
DAC, 
this 
should 
hold 
true 
over 
the 
entire 
VREF 


range. 


RESOLUTION: 
Value 
of the LSB. For example, 
a unipolar 
converter 
with 
n bits 
has a resolution 
of (2-n) 
(VREF). A 
bipolar 
converter 
of n bits 
has 
a resolution 
of [2-(n-l)] 
[VREF]. Resolution 
in no way implies 
linearity. 


SETTLING 
TIME: 
Time 
required 
for the output 
function 
of 


the DAC to settle 
to within % LSB for a given 
digital 
input 


stimulus, 
i.e., a to Full Scale. 


GAIN: 
Ratio of the DAC's 
operational 
amplifier 
output 
volt- 


age to the nominal 
input voltage 
value. 


FEEDTHROUGH 
ERROR: 
Error caused 
by capacitive 
cou- 
pling from VREF to output 
with all switches 
OFF. 


OUTPUT 
CAPACITANCE: 
Capacity 
from 
IOUT1 
and 
IOUT2 


terminals 
to ground. 


OUTPUT 
LEAKAGE 
CURRENT: 
Current 
which 
appears 
on 


'oun terminal 
with all digital inputs 
LOW or on IOUT2 termi- 
nal when 
all inputs 
are HIGH. 


DETAILED 
DESCRIPTION 


The Harris AD7541 
is a 12 bit, monolithic, 
multiplying 
Df A 
converter. 
Highly 
stable 
thin film 
R-2R 
resistor 
ladder 
net- 


work and NMOS SPDT switches 
form the basis of the con- 
verter 
circuit. 
CMOS 
level shifters 
provide 
low power 
DTLf 


TIUCMOS 
compatible 
operation. 
An external 
voltage 
or 


current 
reference 
and an operational 
amplifier 
are all that is 


required 
for most voltage 
output 
applications 
. • 


(Switches shown for Digital Inputs "High") 
Figure 9: AD7541 Functional Diagram 


A simplified 
equivalent 
circuit 
of the DAC is shown 
in Fig- 
ure 9. The NMOS 
SPDT 
switches 
steer 
the ladder 
leg cur- 
rents between 
IOUT1 and IOUT2 buses which 
must be held 
at ground 
potential. 
This configuration 
maintains 
a constant 
current 
in each 
ladder 
leg independent 
of the 
input 
code. 
Converter 
errors 
are further 
eliminated 
by using wider metal 
interconnections 
between 
the 
major 
bits 
and 
the 
outputs. 


Use of high threshold 
switches 
reduces 
the offset 
(leakage) 
errors 
to a negligible 
level. 


Each circuit 
is laser-trimmed, 
at the wafer 
level, to beller 
than 
12 bits 
linearity. 
For the 
first 
four 
bits 
of the 
ladder, 
special 
trim-tabbed 
geometries 
are used to keep 
the body 
of the resistors, 
carrying 
the majority 
of the output 
current, 


undisturbed. 
The resultant 
time stability 
of the trimmed 
cir- 
cuits is comparable 
to that of untrimmed 
units. 


The level shiller 
circuits 
are comprised 
of three 
inverters 
with 
a positive 
feedback 
from 
the output 
of the second 
to 
the first (Figure 
10). This configuration 
results 
in DTLlTILI 
CMOS 
compatible 
operation 
over the full military 
tempera- 
ture 
range. 
With 
the 
ladder 
SPDT 
switches 
driven 
by the 
level 
shiller, 
each 
switch 
is binarily 
weighted 
for an "ON" 
resistance 
proportional 
to the respective 
ladder 
leg current. 


This 
assures 
a constant 
voltage 
drop 
across 
each 
switch, 


creating 
equipotential 
terminations 
for the 2R ladder 
resis- 
tors, resulting 
in accurate 
leg currents. 


APPLICATIONS 
General Recommendations 


Static 
performance 
of the AD7541 
depends 
on laUTl 
and 
laUT2 
(pin 
1 and 
pin 2) potentials 
being 
exactly 
equal 
to 
GND (pin 3). 


The 
output 
amplifier 
should 
be selected 
to have 
a low 
input bias current 
(typically 
less than 75nA), 
and a low drill 
(depending 
on the temperature 
range). The voltage 
offset of 
the amplifier 
should 
be nulled 
(typically 
less than 
±200fLV). 


The bias current 
compensation 
resistor 
in the amplifier's 
non-inverting 
input can cause 
a variable 
offset. 
Non-invert- 
ing input should 
be connected 
to GND with a low resistance 
wire. 


Ground-loops 
must be avoided 
by taking 
all pins going to 
GND to a common 
point, using separate 
connections. 


The V+ 
(pin 18) power 
supply 
should 
have 
a low noise 
level 
and 
should 
not have 
any transients 
exceeding 
+ 17 
volts. 


Unused 
digital 
inputs 
must be connected 
to GND or VDD 
for proper 
operation. 


A high 
value 
resistor 
(- 
1M!1) 
can 
be used 
to prevent 
static 
charge 
accumulation, 
when 
the inputs 
are open-cir- 
cuited 
for any reason. 


When 
gain adjustment 
is required, 
low tempco 
(approxi- 
mately 
50ppml"C) 
resistors 
or trim-pots 
should 
be selected. 
UNIPOLAR 
BINARY 
OPERATION 


The circuit 
configuration 
for operating 
the AD7541 
in uni- 
polar 
mode 
is shown 
in Figure 
11. With positive 
and nega- 
tive VREF values 
the circuit 
is capable 
of 2-Quadrant 
multi- 
plication. 
The "Digital 
Input Code/Analog 
Output 
Value" 
ta- 
ble for unipolar 
mode 
is given 
in Table 
1. A Schollky 
diode 
(HP5082-2811 
or equivalent) 
prevents 
laun 
from 
negative 
excursions 
which 
could damage 
the device. 
This precaution 
is only necessary 
with certain 
high speed 
amplifiers. 


0333-11 
Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


IClI 
Zero 
Offset 
Adjustment 
-e 
1. 
Connect 
all digital inputs to GND. 


2. 
Adjust 
the offset 
zero adjust 
trim pot of the output 
operational 
amplifier 
for 
OV 
± 0.5mV 
(max) 
at 
VOUT. 


Gain Adjustment 


1. 
Connect 
all digital inputs to VDD. 


2. 
Monitor VOUT for a -VREF 
(1-1/212) 
reading. 


3. 
To increase 
VOUT, connect 
a series resistor, 
(O to 
250 ohms), in the IOUTl 
amplifier 
feedback 
loop. 


4. 
To decrease 
VOUT, connect 
a series resistor, 
(0 to 
250 ohms), between 
the reference 
voltage 
and the 
VREF terminal. 


Table 1: Code Table - 
Unipolar Binary 
Operation 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


111111111111 
-VREF{1-1/212) 


100000000001 
-VREF 
(1/2+1/212) 


100000000000 
-VREF/2 


011111111111 
-VREF 
(1/2-1/212) 


000000000001 
-VREF 
(1/212) 


000000000000 
0 


t 10V 


VREf 
+1SV 


BI1 1 (~SB) 
17 
16 


4 
18 


10UT1 


Your 


DIGITAL 
AD7541 
R1 10k 
INPUT 


R2 10k 


R4 
15 
soon 
BIT 12 (LSB) 
J 


GND 


Figure 
12: Bipolar 
Operation 
(4-Quadrant 
Multiplication) 


BIPOLAR 
(OFFSET 
BINARY) 
OPERATION 


The circuit configuration 
for operating 
the AD7541 
in the 
bipolar mode is given in Figure 12. Using offset binary digital 
input 
codes 
and positive 
and negative 
reference 
voltage 
values 
Four-Quadrant 
mUltiplication 
can 
be realized. 
The 


"Digital 
Input Codel Analog 
Output Value" 
table for bipolar 
mode is given in Table 2. 


A "Logic 
1" input at any digital 
input forces 
me corre- 
sponding 
ladder 
switch 
to steer 
the 
bit current 
to IOUTl 
bus. A "Logic 
0" input forces the bit current 
to IOUT2 bus. 


For any code the IOUTl 
and IOUT2 bus currents 
are com- 


plements 
of one another. 
The current 
amplifier 
at IOUT2 
changes 
the 
polarity 
of IOUT2 
current 
and the transcon- 
ductance 
amplifier 
at IOUTl 
output sums the two currents. 


This configuration 
doubles 
the 
output 
range 
of the 
DAC. 


The difference 
current 
resulting 
at zero offset 
binary code, 


(MSB= 
"Logic 
1", All other bits= 
"Logic 
0"), is corrected 
by 


using an external 
resistive divider, from VREF to IOUT2. 


Offset 
Adjustment 


1. 
Adjust VREF to approximately 
+ 10V. 


2. 
Set R4 to zero. 


3. 
Connect 
all digital inputs to "Logic 
1". 


4. 
Adjust loun 
amplifier 
offset zero adjust trimpot 
for 


OV ± 0.1 mV at IOUT2 amplifier 
output. 


5. 
Connect 
a short circuit across R2. 


6. 
Connect 
all digital inputs to "Logic 
0". 


7. 
AdjustlOUT2 
amplifier 
offset 
zero adjust trim pot for 
OV ± 0.1 mV at loun 
amplifier 
output. 


8. 
Remove short circuit across R2. 


9. 
Connect 
MSB (Bit 1) to "Logic 
1" and all other bits 
to "Logic 
0". 


10. 
Adjust R4 for OV ±0.2mV 
at VOUT. 


Gain Adjustment 


1. 
Connect 
all digital inputs to VDD. 


2. 
Monitor VOUT for a -VREF 
(1-1/211) 
volts read- 


ing. 


3. 
To increase 
VOUT, connect 
a series resistor, 
(0 to 


250 ohms), in the IOUTl 
amplifier feedback 
loop . 


4. 
To decrease 
VOUT, connect 
a series resistor, 
(0 to 


250 ohms), between 
the reference 
voltage 
and the 


VREF terminal. 


Table 2: Code Table 
Bipolar (Offset Binary) Operation • 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


111111111111 
-VREF 
(1-1/211) 


100000000001 
-VREF(1/211) 


100000000000 
0 


011111111111 
VREF (1/211) 


000000000001 
VREF (1 -1/211) 


000000000000 
VREF 


DYNAMIC 
PERFORMANCE 


The dynamic 
performance 
of the DAC, also depends 
on 
the output 
amplifier 
selection. 
For low speed or static 
appli- 
cations, 
AC specifications 
of the amplifier 
are not very crit- 
ical. 
For 
high-speed 
applications 
slew-rate, 
settling-time, 
openloop 
gain and gain/phase-margin 
specifications 
of the 
amplifier 
should 
be selected 
for the desired 
performance. 


The output 
impedance 
of the AD7541 
looking 
into IOUTl 
varies 
between 
10kO 
(RFeedback 
alone) 
and 
5KO 


(RFeedback 
in parallel 
with the ladder 
resistance). 


BIT 1 (t.4SB) 


BIT 2 


17 
16 


4 
18 
5 
AD7541 
1 


15 
3 
2 


GND 


Similarly 
the output 
capacitance 
varies 
between 
the mini- 
mum 
and 
the 
maximum 
values 
depending 
on 
the 
input 
code. 
These 
variations 
necessitate 
the 
use of compensa- 
tion capacitors, 
when 
high speed 
amplifiers 
are used. 


A 
capacitor 
in 
parallel 
with 
the 
feedback 
resistor 
(as 
shown 
in Figure 
13) provides 
the necessary 
phase compen- 
sation 
to critically 
damp the output. 


A small 
capacitor 
connected 
to the compensation 
pin of 
the amplifier 
may be required 
for unstable 
situations 
causing 
oscillations. 
Careful 
PC board 
layout, 
minimizing 
parasitic 
capacitances, 
is also vital. 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The AD7545 is a low cost monolithic 
12-bit CMOS multiply- 
ing DAC with on-board 
data latches. 
Data is loaded 
in a 
single 12-bit wide word which allows interfacing 
directly to 
most 12- and 16-bit bus systems. Loading of the input latch- 
es is under the control of the CS and WR inputs. A logic low 
on these control inputs makes the input latches transparent 
allowing direct unbuffered 
operation 
of the DAC. 


• 12-8it 
Resolution 


• Low Gain T.C.: 2ppmrC 
typ 


• Fast TTL Compatible 
Data Latches 


• Single + 5V to + 15V Supply 


• Low Power 


• Low Cost 


AD7545 
12-Bit Buffered 
Multiplying 
CMOS DAC 


Part 
Temperature 
Number 
Range 
Package 


AD7545JN 
OOCto +700C 
20 Pin Plastic DIP 
AD7545KN 
OoCto +700C 
20 Pin Plastic DIP 


AD7545AN 
-400C 
to +850C 
20 Pin Plastic DIP 
AD7545BN 
-40°C 
to +850C 
20 Pin Plastic DIP 
AD7545AD 
-400C 
to +850C 
20 Pin Ceramic DIP 
AD7545BD 
-400C 
to +850C 
20 Pin Ceramic DIP 


AD7545SD 
-550C 
to +1250C 
20 Pin Ceramic DIP 


AD7545SQ/883 
-550C 
to +1250C 
20 Pin Ceramic DIP 


OUT 1 


ACND 


DOND 


DB11 
(IoISB) 


DB10 


DB9 


DBB 


DB7 


DB6 


DBS 


RrB 


VREr 


VOD 


ViR 


CS 


DBD (LSB) 


OBI 


OB2 


DB3 


DB. • 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
300152.001 


•.••.••.• .., •.•.., • ~ 
''''''''AIMUM 
M" 1 1•••\:1::» 
(TA = + 25'C 
unless 
otherwise 
noted) 


VDD to DGND 
- 0.3V, 
+ 17V 


Digital 
Input Voltage 
to 
DGND 
................•..•..•.... 
-0.3V, 
VDD +0.3V 


VRFB, VREF to DGND 
± 25V 


VPIN1 to DGND ...........•.....•.... 
-0.3V, 
VDD +0.3V 


AGND to DGND 
................•.... 
-0.3V, 
VDD + 0.3V 


Power 
Dissipation 
(Any Package) 
to + 75'C 
450 mW 
Derates 
above 
75'C by .....•..•..•..•..•.... 
6 mW /'C 


Voo 


o 


0433-4 


A: Typical Write Cycle 


'cs 


Voo 


o 


0433-3 


uperatlng 
I emperature 
Commercial 
(J, K) Grades 
O'C to + 70'C 
Industrial 
(A, B) Grades 
....•..•..•.......... 
- 40'C to + 85'C 
Extended 
(S) Grades 
- 55'C to + 125'C 


Storage 
Temperature 
-65'C 
to + 150'C 


Lead Temperature 
(Soldering, 
10 secs) 
+ 300'C 


NOTE: Stresses above those lisled under ''Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 


and functionsl operation of the device sl these or any other conditions 
above 
those indicated 
in the opera/ional 
sections 
of the specifications 
is not 


implied. Exposure 
to absolute 
maximum 
fating conditions 
for extended 
peri- 


ods may affect 
device reliability. 


MODESELECTION 


HOLDMODE: 


EitherC!l or WR high,date bus 
(D80-D811) is lockedout; DAC 
holds last data 
present when 


WR or cg assumedhighstete. 


vee ~ + 5V; tr 
~ 
tf = 20 ns 


Voo = 
+15V; 
tr - 
tl •• 40 ns 


All input signal rise and fall times measured from 10% to 90% of Voo. 


Timing measurement reference level is (VIH + VIU/2. 


Since input data latches are transparent for ~ 
and WR both low, it is 


preferred to have data valid before CS and WR both go low. This pre· 
vents undesirable changes at the analog output while the data inputs 
settle. 


B: Preferred Write Cycle 


Figure 3: Write Cycle Timing Diagram 


CIRCUIT 
INFORMATION-D/A 
CONVERTER 
SECTION 


Figure 4 shows 
a simplified 
circuit of the Of A converter 
sec- 


tion of the AD7545. 
Note that the ladder termination 
resistor 


is connected 
to AGND. 
R is typically 
11 kn. 


, 


0811 
oBl0 
(WSB) 


The 
binary 
weighted 
currents 
are 
switched 
between 
the 


OUT1 
bus 
line 
and 
AGND 
by 
N-channel 
switches, 
thus 
maintaining 
a constant 
current 
in each 
ladder 
leg indepen- 
dent 
of the 
switch 
state. 
One 
of the 
current 
switches 
is 
shown 
in Figure 
5. 


The capacitance 
at the OUT1 
bus line, COUT1, is code 
de- 


pendent 
and varies 
from 
70 pF (all switches 
to AGND) 
to 


200 pF (all switches 
to OUT1). 


The input 
resistance 
at VREF (Figure 
4) is always 
equal 
to 
RLDR (RLDR is the 
Rf2R 
ladder 
characteristic 
resistance 


and is equal to the value 
"R"). 
Since 
RIN at the VREF pin is 
constant, 
the 
reference 
terminal 
can 
be driven 
by a refer- 


ence voltage 
or a reference 
current, 
ac or dc, of positive 
or 


negative 
polarity. 
(If a current 
source 
is used, a low temper- 
ature 
coefficient 
externai 
RFB is recommended 
to define 
scale factor.) 


TO LADDER 


rRO~~ 
INTERrAC~ 
LOGIC I 


ACND 
OUT 1 


0433-6 


Figure 5: N-Channel 
Current 
Steering 
Switch 


CIRCUIT 
INFORMATION- 
DIGITAL 
SECTION 


Figure 
6 shows 
the digital 
structure 
for one bit. 


Figure 6: Digital Input Structure 


The digital 
signals 
CONTROL 
and CONTROL 
are generat- 
ed from CS and WR. 


The input buffers 
are simple CMOS 
inverters 
designed 
such 
that when the A07545 
is operated 
with Voo 
= 5V, the buff- 
ers 
convert 
TTL 
input 
levels 
(2.4V 
and 
0.8V) 
into 
CMOS 
logic 
levels. 
When 
VIN is in the region 
of 2.0V to 3.5V the 
input buffers 
operate 
in their linear region 
and draw current 
from the power supply. To minimize 
power supply currents 
it 
is recommended 
that the digital 
input voltages 
be as close 


to the supply 
rails (Voo 
and OGNO) as is practically 
possi- 
ble. 


The 
A07545 
may be operated 
with 
any supply 
voltage 
in 
the range 
5V ,;; Voo 
,;; 15V. With Voo 
= + 15V the input 
logic levels are CMOS compatible 
only, i.e., 1.5V and 13.5V. 


APPLICATION 


Output 
Offset: 
CMOS 
current-steering 
Of A converters 
ex- 
hibit 
a code 
dependent 
output 
resistance 
which 
in turn 


causes 
a code dependent 
amplifier 
noise gain. The effect 
is 


a code dependent 
differential 
nonlinearity 
term at the ampl- 
fier output 
which 
depends 
on Vas where 
Vas 
is the amplifi- 
er input offset voltage. 
To maintain 
monotonic 
operation 
it is 


recommended 
that 
Vas 
be no greater 
than 
(25 x 
10-6) 


(VREF) over the temperature 
range 
of operation. 


General 
Ground 
Management: 
AC or transient 
voltages 


between 
AGNO 
and OGNO can cause 
noise 
injection 
into 


the 
analog 
output. 
The 
simplest 
method 
of ensuring 
that 


voltages 
at AGNO and OGNO are equal is to tie AGNO 
and 
OGNO together 
at the A07545. 
In more 
complex 
systems 


where 
the 
AGNO 
and 
OGNO 
connection 
is on the 
back- 


plane, 
it is recommended 
that two diodes 
be connected 
in 
inverse 
parallel 
between 
the 
A07545 
AGNO 
and 
OGNO 
pins (lN914 
or equivalent). 


Digital 
Glitches: 
When WR and CS are both low the latch- 


es are transparent 
and the Of A converter 
inputs 
follow 
the 


data 
inputs. 
In some 
bus systems, 
data on the data bus is 


not always 
valid 
for the whole 
period 
during 
which 
WR is 


low and as a result invalid 
data can briefly occur 
at the Of A 
converter 
inputs curing 
a write cycle. 
Such invalid 
data can 


cause unwanted 
glitches 
at the output of the Of A converter. 
The 
solution 
to this 
problem, 
if it occurs, 
is to retime 
the 


write pulse 
(WR) so that it only occurs 
when 
data is valid. 


Another 
cause 
of digital glitches 
is capacitive 
coupling 
from 
the 
digital 
lines 
to 
the 
OUT1 
and 
AGNO 
terminals. 
This 


should 
be 
minimized 
by isolating 
the 
analog 
pins 
of 
the 


A07545 
(Pins 1, 2,19,20) 
from the digital pins by a ground 
track run between 
pins 2 and 3 and between 
pins 18 and 19 


of the A07545. 
Note how the analog 
pins are at one end of 


the package 
and separated 
from the digital pins by Voo and 


OGNO to aid isolation 
at the board 
level. On-chip 
capacitive 


coupling 
can also 
give 
rise to crosstalk 
from 
the digital 
to 


analog 
sections 
of the A07545, 
particularly 
in circuits 
with 
high currents 
and fast rise and fall times. This type of cross- 
~ 


talk 
is minimized 
by using 
Voo 
= + 5V. 
However, 
great -=- 


care should 
be taken to ensure 
that the + 5V used to power 


the A07545 
is free from digitally 
induced 
noise. 


Temperature 
Coefficients: 
The 
gain 
temperature 
coeffi- 


cient of the A07545 
has a maximum 
value of 5 ppm/"C 
and 


a typical 
value of 2 ppm/"C. 
This corresponds 
to worst case 


gain 
shifts 
of 
2 LSBs 
and 
0.8 
LSBs 
respectively 
over 
a 


100'C 
temperature 
range. 
When 
trim 
resistors 
R1 and 
R2 


are used to adjust 
full scale 
range; 
the temperature 
coeffi- 


cient 
of R1 and R2 should 
also be taken 
into account. 


Voo= 
+SV 
Voo= 
+1SV 


Parameter 
Test Conditions 
Version 
Limits 
Limits 
Units 
Comments 
TA = 
+2S"C 
Tmin, Tmax 
TA = 
+2S"C 
Tmln, Tmax 
(Note 
1) 
(Note 
1) 


Resolution 
All 
12 
12 
12 
12 
Bits 


Relative Accuracy 
J,A,S 
±2 
±2 
±2 
±2 
LSB max 


K,B 
±1 
±1 
±1 
±1 
LSB max 


Differential 
Nonlinearity 
1O-Bit Monotonic 
Tmin to Tmax 
J,A,S 
±4 
±4 
±4 
±4 
LSB max 


12-Bit Monotonic 
Tmin to Tmax 
K,B 
±1 
±1 
±1 
±1 
LSB max 


Gain Error (Using Internal RFB) 
DAC Register 
Loaded with 
J,A,S 
±20 
±20 
±25 
±25 
LSB max 


(Note 2) 
111111111111 
K,B 
±10 
±10 
±15 
±15 
LSB max 


Gain Error is Adjustable 
Using 


the Circuits of Figures 7 and 8 


Gain Temperature 
Coefficient 
Typical Value is 2 ppmrc 
All 
±5 
±5 
±10 
±10 
ppmrCmax 


(Note 3) 
forVoo 
= 
+5V 


ll.Gainl ll.Temperature 


DC Supply Rejection 
ll.Voo 
= 
±5% 
All 
0.015 
0.03 
0.01 
0.02 
% per% 
max 


ll.Gain/ll.Voo 


Output 
Leakage Current 
DBO-DB11 
= OV; WR, CS = OV 
J, K 
10 
50 
10 
50 
nAmax 


atOUT1 
A,B 
10 
50 
10 
50 
nA max 


S 
10 
200 
10 
200 
nA max 


Voo = +5V 
VOO = + 15V 


Parameter 
Test 
Conditions 
Version 
Limits 
Limits 
Unit 
Comments 
TA = +25'C 
Tmin. Tmax 
TA = +25'C 
Tmin. Tmax 
(Note 
1) 
(Note 
1) 


Current Settling Time (Note 3) 
To V. LSB. OUT1 load = 10011. DAC 
All 


output measured 
from falling edge of 
2 
2 
2 
2 
"sm 
WR. 
CS = OV. 


Propagation 
Delay (Note 3) 
OUT1 LOAD = 10011 
All 


(from Digital Input Change to 
CEXT = 13 pF (Note 4) 
300 
250 
ns m. 


90% of final Analog Output) 


Digital to Analog Glitch Impulse 
VREF = AGND 
All 
400 
250 
nV see 


AC Feedthrough 
(Note 5) 
VREF = ±10V, 
10 kHz Sinewave 
All 
5 
5 
5 
5 
mVp-p 
AtOUT1 


Input Resistance 
Input Resistance 
All 
7 
7 
7 
7 
kll 
rT 


(Pin 19 to GND) 
TC = -300 
ppm/'C 
typ 


Typical 
Input Resistance 
= 11 kll 
25 
25 
25 
25 
kll 
rr 


Output Capacitance 
(Note 3) 


COUT1 
DBO-DB11 
= OV, WR, CS = OV 
All 
70 
70 
70 
70 
pFm 


COUT1 
DBO-DB11 
= Voo, WR, CS = OV 
All 
200 
200 
200 
200 
pFm 


Input High Voltage 
All 
2.4 
2.4 
13.5 
13.5 
Vm 
VIH 


Input Low Voltage 
All 
0.8 
0.8 
1.5 
1.5 
Vm 
VIL 


Input Current (Note 6) 
VIN = OorVOO 
All 
±1 
±10 
±1 
±10 
"An 
IIN 


Input Capacitance 
(Note 3) 


DBO-DB11 
VIN = 0 
All 
7 
7 
7 
7 
pF rT 


WR,CS 
VIN = 0 
All 
20 
20 
20 
20 
pF rT 
I 


Voo = +SV 
Voo = +lSV 


Parameter 
Test 
Conditions/Comments 
Version 
Limits 
Limits 
U, 


TA = +2S'C 
Tmin, Tmax 
TA = +2S'C 
Tmin, Tmax 
(Note 
1) 
(Note 
1) 
f 
"~ 
[ 
SWITCHING 
CHARACTERISTICS 
(Note 3) 


~I 
~~~ 
( 


Chip Select to Write Setup Time 
See Figure 3 
All 
280 
380 
180 
200 
ns 


tcs 
200 
270 
120 
150 
ns 


Chip Select to Write Hold Time 
See Figure 3 
All 
0 
0 
0 
0 
ns 
tCH 


Write Pulse Width 
tcs 
;:, tWR, tCH ;:, 0 
All 


tWR 
See Figure 3 
250 
400 
160 
240 
ns I 


175 
280 
100 
170 
ns 


Data Setup Time 
See Figure 3 
All 
140 
210 
90 
120 
ns I 


tos 
100 
150 
60 
80 
ns I 


Data Hold Time 
See Figure 3 
All 
10 
10 
10 
10 
ns r 


tOH 


100 
All Digital Inputs VIL or VIH 
All 
2 
2 
2 
2 
mAr 


All Digital Inputs OV or Voo 
100 
500 
100 
500 
/LA n 


All Digital Inputs OV or Voo 
10 
10 
10 
10 
/LAt 


NOTE 1: Temperature 
Ranges as foHows: J, K versions: 
OOG to + 70 


Ge 


A, B versions: 
- 20"C to + 85"C 


2: This includes the effect of 5 ppm max gain re. 


3: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 


4: 
OBO-OBl1 
~ 
OV to VDD or VDD to OV. 


5: Feedthrough 
can be further reduced by connecting 
the metal lid on the ceramic package to DGNO. 


6: Logic inputs are MOS gates. Typical input current (+ 2S°C) is less than 1 nA. 


Specifications 
subject to change without notice. 


."~ 
."t- 
~ 
BASIC APPLICATIONS 


Figures 
7 and 8 show 
simple 
unipolar 
and 
bipolar 
circuits 
using the A07545. 
Resistor 
R1 is used to trim for full scale. 


Capacitor 
C1 provides 
phase 
compensation 
and helps 
pre- 


vent overshoot 
and ringing when using high speed op amps. 


Note that the circuits 
of Figures 7 and 8 have constant 
input 


impedance 
at the VREF terminal. 


The circuit 
of Figure 
7 can either 
be used as a fixed 
refer- 
ence 
01 A converter 
so that 
it provides 
an analog 
output 
voltage 
in the 
range 
0 to 
- VIN (note 
the 
inversion 
intro- 
duced 
by the op amp) 
or VIN can be an ac signal 
in which 
case the circuit behaves 
as an attenuator 
(2-Quadrant 
Multi- 
plier). 
VIN can be any voltage 
in the range 
- 20 
s: VIN s: 


+ 20V 
(provided 
the 
op 
amp 
can 
handle 
such 
voltages) 
since VREF is permitted 
to exceed 
VDD' Table 
2 shows 
the 
code 
relationship 
for the circuit 
of Figure 
7. 


Table 1: Recommended 
Trim Resistor Values 
vs. Grades for Voo = + 5V 


TRIM 
J/AIS 
KIB 
RESISTOR 


R1 
5000 
2000 


R2 
1500 
680 


Table 2. Unipolar Binary Code Table 
for Circuit of Figure 7 


Binary Number in 
Analog Output 
DAC Register 


{ 4095} 
1111 
1111 
1111 
-VIN 
4096 


{2048 
} 
-y. VIN 
1000 
0000 
0000 
-VIN 
4096 
= 


0000 
0000 
0001 
-VIN 
LO~6} 


0000 
0000 
0000 
OV 
• 


Figure 8 and Table 
3 illustrate 
the recommended 
circuit 
and 
code 
relationship 
for 
bipolar 
operation. 
The 
Of A function 
itself 
uses 
offset 
binary 
code 
and inverter 
U1 on the 
MSB 
line 
converts 
2's 
complement 
input 
code 
to offset 
binary 
code. 
If appropriate, 
inversion 
of the MSB may be done 
in 
software 
using an exclusive 
-OR instruction 
and the inverter 
omitted. 
R3, R4 and R5 must be selected 
to match 
within 
0.01 % and they should 
be the same type of resistor 
(prefer- 


ably wire-wound 
or metal foil), so that their temperature 
co- 
efficients 
match. 
Mismatch 
of R3 value 
to R4 causes 
both 
offset 
and 
full scale 
error. 
Mismatch 
of R5 to R4 and 
R3 
causes 
full scale 
error. 


Table 3: 2'5 Complement Code Table 
for Circuit of Figure 8 


Data Input 
Analog Output 


{2047 
} 
0111 
1111 
1111 
+VINe 
--2048 


0000 
0000 
0001 
+VINe 
{_1_} 


2048 


0000 
0000 
0000 
OV 


1111 
1111 
1111 
-VINe 
{_1 
} 
2048 


{2048 
} 
1000 
0000 
0000 
-VINe 
--2048 


The choice 
of the operational 
amplifiers 
in Figures 
7 and 8 
depends 
on the application 
and the trade 
off between 
re- 
quired 
precision 
and 
speed. 
Below 
is a list of operational 
amplifiers 
which 
are good candidates 
for many applications. 


The main selection 
criteria 
for these 
operational 
amplifiers 
is to have low Vas, 
low Vas 
drift, low bias current 
and low 


settling 
time. 


These 
amplifiers 
need to maintain 
the low nonlinearity 
and 
monotonic 
operation 
of 
the 
Of A while 
providing 
enough 
speed 
for maximum 
converter 
performance. 


Operational 
Amplifiers: 


HA5127 
Ultra Low Noise, 
Precision 


HA5137 
Ultra Low Noise, 
Precision, 
Wide 
Band 


HA5147 
Ultra Low Noise, 
Precision, 
High Slew Rate 


HA5170 
Precision, 
JFET 
Input 


3338,CA3338A 
C 
~o-Speed 8-Bit R-2R 


1l'\~\"",\,git'ar~to-Analog Converter 


GENERAL 
DESCRIPTION 
i\\.~~M"\\" FEATURES 


The Harris CA3338 family are CMOS/S 
higps6p-e'ed R- 
• CMOS/SOS 
Low 
Power 
2R voltage 
output 
digital-to-analog 
conve~~rs:'lhey 
oper- 
• R-2R Output, 
Segmented 
for 
Low "Glitch" 
ate froma 
single 5V supply at video speeds, 
and can pro- 
• CMOS or TTL Compatible 
Inputs 
duce "rall-to-rall" 
output sWings. Internal level shllters 
and a 
pin for 
an optional 
second 
supply 
provide 
for an output 
• Fast Settling: 
20 ns (typ.) 
to 'I. LSB 
range below the digital ground. The data complement 
con- 
• Feedthrough 
Latch 
for Clocked 
or 
trol allows the inversion of input data while the latch enable 
Unclocked 
Use 
control 
provides 
either 
feed-through 
or latched 
operation. 
• Single 
or Dual Supplies, 
4.5V to 7.5V Total 
Both ends of the R-2R ladder network 
are available 
exter- 
• 'I: LSB Acc 
c 
(T p) 
nally and may be modulated 
for gain or offset adjustments. 
2 
ura 
Y 
y. 
In addition, 
"glitch" 
energy has been kept very low by seg- 
• Data Complement 
Control 
menting 
and "bar graph" 
decoding 
of the upper 3 bits. 
• High Update 
Rate: 50 MHz (Typ.) 


The CA3338 
is manufactured 
on a sapphire 
substrate 
to 
• Unipolar 
or Bipolar 
Operation 
give low dynamic power dissipation, 
low output capacitance, 
and inherent 
latch-up 
resistance. 


m HARRIS 
\at 
SEMICONDUCTOR 


• TV/Video 
Display 


• High-Speed 
Oscilloscope 
Display 


• Digital 
Waveform 
Generator 


• Feed-Forward 
AID 
Systems 


Part 
Linearity 
Temperature 
Number 
(INL, DNL) 
Range 
Package 


CA3338A 
±1.0 LSB 
-400C 
to +8SoC 
16 Pin Plastic DIP 


CA3338AE 
±O.7S LSB 
-400C 
to +8SoC 
16 Pin Plastic DIP 


CA3338D 
±1.0 LSB 
-5SoC to +12SoC 
16 Pin Ceramic 
DIP 


CA3338AD 
±O.7S LSB 
-SSoC to +12SoC 
16 Pin Ceramic DIP 


CA3338M 
±1.0 LSB 
-400C 
to +8SoC 
16 Pin Plastic SOIC 


CA3338AM 
±O.7S LSB 
-400C 
to +8SoC 
16 Pin Plastic SOIC 


16 LEAD CERAMIC 
DIP 
16 LEAD 
PLASTIC 
DIP 
07 
16 
voo 
16 LEAD 
SOIC 
06 
15 
LE 


05 
3 
14 
COMP 


04 
4 
13 
vREF+ 


03 
5 
12 
vour 
02 
6 
11 
vREF- 
01 
7 
10 
vEE 


VSS 
8 
9 
DO 


Figure 
1: Pin Configuration 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE 


• 


ABSOLUTE 
MAXIMUM 
RATINGS 


DC Supply-Voltage 
Range 
(Voo 
- 
VSS or Voo 
- 
VEE, 


whichever 
is greater) 
- 0.5V to + 8V 


Input Voltage 
Range 


Digital 
Inputs 
(LE, COMP, 


DO-D7) 
Vss 
- 
0.5VtoVoo 
+0.5V 
Analog 
Pins 


(VREF+, 
VREF-, 
Vour)· 
Voo 
- 
8V to Voo 
+ 0.5V 


DC Input Current 


Digital Inputs (LE, COMP, 
DO-D7) 
....•..•..... 
±20 
mA 


Power 
Dissipation 
per Package 
(Po): 


For TA = - 55'C to + 55'C 
315 mW 
For TA = + 55'C 
to + 125'C 


......................... 
Derate 
Linearly 
at 3.3 mW /'C 


Operating-Temperature 
Range 
(TA): 
Ceramic 
Package-D 
Suffix 
- 55'C to + 125'C 


Plastic 
Package-E 
Suffix 
- 40'C 
to + 85'C 


Storage- Temperature 
Range (TSTG) 
- 65'C to + 150'C 


Lead Temperature 
(During 
Soldering): 


At Distance 
'116 ± %2 in. (1.59 
± 0.79 mm) from 
case for 10s max. 
. 
+ 265'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may CBuse permanent 
damage 
/0 the device. 
These are stress ratings only 
Bnd functionsl operation of the device at these or any other conditions 
above 
those indicated 
in the operationsl 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for Bxtended 
ped· 
ods may affect device reliability. 


Recommended 
Supply Voltage 
Range 
4.5V to 7.5V 


ELECTRICAL 
CHARACTERISTICS 
TA = 25°C, VOO = 5V, VREF+ 
= 4.608V, 
VSS = VEE = VREF- 
= GND, 


LE clocked 
at 20 MHz, RL ;;, 1 Mn 
(unless 
otherwise 
specified) 


Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


Accuracy 
Resolution 
8 
Bits 
Integral 
Linearity 
Error 
See Figure 6 
CA3338 
±1 
LSB 
CA3338A 
±0.75 
LSB 
Differential 
Linearity 
Error 
See Figure 6 
CA3338 
±0.75 
LSB 
CA3338A 
±0.5 
LSB 
Gain Error 
Input Code 
~ 
FF16; See Fig. 5 
CA3338 
±0.75 
LSB 
CA3338A 
±0.5 
LSB 
Offset 
Error 
Input Code = 0016; See Fig. 5 
±0.25 
LSB 


Digital Input Timing 
Update 
Rate 
To Maintain % LSB Settling 
DC 
50 
MHz 
Update 
Rate 
VREF- 
= VEE = -2.5V, 
VREF+ 
= +2.5V 
DC 
20 
MHz 
Set Up Time TSUl 
For Low Glitch 
-2 
ns 
Set Up Time TSU2 
For Data Store 
8 
ns 
Hold TimeTH 
For Data Store 
5 
ns 
Latch Pulse Width Tw 
For Data Store 
5 
ns 
Latch Pulse Width Tw 
VREF- 
= VEE = -2.5V, 
VREF+ 
= +2.5V 
25 
ns 


Output 
Parameters 
RL Adjusted 
for 1 Vp_pOutput 
Output 
Delay T01 
From LE Edge 
25 
ns 
Output 
Delay T02 
From Data Changing 
22 
ns 
Rise TimeTR 
10 to 90% of Output 
4 
ns 


Settling 
Time TS 
10% to Settling 
to % LSB 
20 
ns 
Output 
Impedance 
VREF + = 6V, Voo 
= 6V 
120 
160 
200 
n 


Glitch Area 
150 
pV-s 


Glitch Area 
VREF- 
~ VEE = -2.5V, 
VREF+ 
= +2.5V 
250 
pV-s 


Reference 
Voltage 
VREF+ 
Range 
(+) 
Full Scale (Note 1) 
VREF- 
+ 3 
Voo 
V 
VREF- 
Range 
(-) 
Full Scale (Note 1) 
VEE 
VREF+ 
- 
3 
V 
VREF + Input Current 
VREF+ 
= 6V, Voo = 6V 
40 
50 
mA 


Supply Voltage 


Static 
100 or lEE 
LE = Low, 00-0] 
= High 
100 
220 
/-LA 
LE = Low, 00-0] 
= Low 
100 
/-LA 
Dynamic 
100 or lEE 
VOUT ~ 
10 MHz, OV to 5V Sq. Wave 
20 
mA 
Dynamic 
100 or lEE 
VOUT ~ 
10 MHz, 
±2.5V 
Sq. Wave 
25 
mA 
Voo Rejection 
50 kHz Sine Wave Applied 
3 
mVIV 


VEE Rejection 
50 kHz Sine Wave Applied 
1 
mVIV 


Digital Inputs 
00-07, 
LE, COMP 
High Level Input Voltage 
(Note 1) 
2 
V 
Low Level Input Voltage 
(Note 1) 
0.8 
V 
Leakage 
Current 
±1 
±5 
/-LA 


Capacitance 
5 
pF 


Temperature 
Coefficients 
Output 
Impedance 
200 
PPMrC 
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Pin 
Name 
Description 


1 
07 
Most Significant 
Bit 


2 
06 
Input 


3 
05 
Data 


4 
04 
Bits 


5 
03 
(High = True) 


6 
02 


7 
01 


8 
VSS 
Digital ground 


9 
Do 
Least Significant 
Bit. Input Data Bit. 


10 
VEE 
Analog 
ground 


11 
VREF- 
Reference 
voltage 
negative 
input 


12 
Your 
Analog 
output 


13 
VREF+ 
Reference 
voltage 
positive 
input 


14 
CaMP 
Data complement 
control 
input. Active 
high. 


15 
LE 
Latch enable 
input. Active 
low. 


16 
Voo 
Digital power supply, + 5V 


DIGITAL 
SIGNAL PATH 


The 
digital 
inputs 
(LE, CaMP, 
and 
00-07) 
are of TIL 
compatible 
HCT High Speed 
CMOS 
design: 
the loading 
is 
essentially 
capacitive 
and 
the 
logic 
threshold 
is typically 
1.5V. 


The 8 data 
bits, 
DO (weighted 
20) through 
07 
(weighted 
27), are applied 
to Exclusive 
OR gates 
(see Figure 
2). The 
CaMP 
(data 
complement) 
control 
provides 
the second 
in- 
put to the gates: if CaMP 
is high, the data bits will be invert- 
ed as they pass through. 


The input data and thtl LE (latch enable) 
signals 
are next 
applied 
to a level shiller. 
The inputs, 
operating 
between 
the 
levels 
of Voo and Vss, 
are shifted 
to operate 
between 
Voo 
and VEE. VEE optionally 
at ground 
or at a negative 
voltage, 


will be discussed 
under 
bipolar 
operation. 
All further 
logic 
elements 
except 
the 
output 
drivers 
operate 
from 
the Voo 
and VEE supplies. 


The upper 3 bits of data, 05 through 
07, are input to a 3- 
to-7 
line bar graph 
encoder. 
The encoder 
outputs 
and DO 
through 
04 are applied 
to a feedthrough 
latch, which 
is con- 
trolled 
by LE (latch 
enable). 


LATCH OPERATION 


Data is fed from input to output while 
LE is low: LE should 
be tied low for non-clocked 
operation. 


Non-clocked 
operation 
or changing 
data while 
LE is low is 
not 
recommended 
for 
applications 
requiring 
low 
output 
"glitch" 
energy: 
there 
is no guarantee 
of the simultaneous 
changing 
of input data or the equal propagation 
delay of all 
bits through 
the converter. 
Several 
parameters 
are given 
if 
the converter 
is to be used 
in either 
of these 
modes: 
T02 
gives the delay from the input changing 
to the output 
chang- 
ing (10%), 
while tSU2 and TH give the set up and hold times 
(referred 
to LE rising edge) 
needed 
to latch 
data. See Fig- 
ures 3 and 4. 


Clocked 
operation 
is needed 
for low "glitch" 
energy 
use. 
Data must meet the given TSU1 set up time to the LE falling 
edge, 
and the TH hold time 
from 
the 
LE rising 
edge. 
The 
delay to the output 
changing, 
T01, is now referred 
to the LE 
falling 
edge. 


There 
is no need 
for a square 
wave 
LE clock; 
LE must 
only meet the minimum 
TW pulse width for successful 
latch 
operation. 
Generally, 
output 
timing 
(desired 
accuracy 
of set- 
tling) sets the upper 
limit of usable 
clock 
frequency. 


OUTPUT STRUCTURE 


The 
latches 
feed 
data 
to a row 
of high 
current 
CMOS 
drivers, 
which 
in turn feed a modified 
R-2R ladder 
network. 


The "N" 
channel 
(pull down) transistor 
of each driver plus 
the bottom 
"2R" 
resistor 
are returned 
to VREF-; 
this is the 
(-) 
full-scale 
reference. 
The "P" 
channel 
(pull up) transis- 
tor of each 
driver 
is returned 
to VREF +, the (+) 
full-scale 
reference. 


In unipolar 
operation, 
VREF- 
would 
typically 
be returned 
to 
analog 
ground, 
but 
may 
be 
raised 
above 
ground 
(see 
specifications). 
There 
is substantial 
code dependent 
current 
that flows 
from VREF+ 
to VREF- 
(see VREF+ 
input current 
in specifications), 
so VREF- 
should 
have a low impedance 
path to ground. 


In DipOlar operallon, 
VREF 
WUUIU U~ r~lurrl~U 
lU C:tII~YC:t- 


tive voltage 
(the 
maximum 
voltage 
rating 
to VDD must 
be 
observed). 
VEE, which 
supplies 
the 
gate 
potential 
for the 


output 
drivers, 
must be returned 
to a point at least as nega- 


tive as VREF -. 
Note that the maximum 
clocking 
speed 
de- 


creases 
when 
the bipolar 
mode 
is used. 


0192-4 


Figure 4: Data and Latch Enable to Output 
Timing 


STATIC CHARACTERISTICS 


The ideal 8-bit 0/ A would 
have an output 
equal to VREF- 


with 
an 
input 
code 
of 0016 (zero 
scale 
output), 
and 
an 


tween 
the ideal and actual 
values 
of these 
two parameters 
•••• 


are the OFFSET 
and GAIN 
errors 
respectively: 
see Figure 


5. 


If the code 
into an 8-bit 
0/ A is changed 
by 1 count, 
the 


output 
should 
change 
by 
1/255 
(fUll-scale 
output-zero- 
scale output). 
A deviation 
from this step-size 
is a differential 


linearity 
error: see Figure 6. Note that the error is expressed 


in fractions 
of the ideal 
step 
size (usually 
called 
an LSS). 


Also note that if the (-) 
differential 
linearity 
error is less (in 
absolute 
numbers) 
than 
1 LSS, 
the 
device 
is monotonic. 


(The output 
will always 
increase 
for increasing 
code 
or de- 
crease 
for decreasing 
code). 


If the code into an 8-bit O/A is at any value, 
say "N", 
the 


output 
voltage 
should 
be N/255 
of the full-scale 
output 
(re- 


ferred to the zero-scale 
output). 
Any deviation 
from that out- 


put is an integral 
linearity 
error, usually 
expressed 
in LSS's. 


See Figure 
6. 


Note that OFFSET 
and GAIN errors do not affect 
integral 


linearity, 
as the linearity 
is referenced 
to actual zero and full- 
scale 
outputs, 
not ideal. 
Absolute 
accuracy 
would 
have to 
also take these 
errors 
into account. 
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OUTPUT 
VOLTAGE 


AS 
A 


FRACTION 
OF 


VREt-VREF- 


OFFSET 
ERROR 


(SHOWN 
+) 


1i- 
_ 
.J 
t I 


00 
01 


STRAIGHT 
LINE 
FROM 
·0· 
SCALE 
TO FULL 
SCALE 


VOLTAGE 


----IDEAL 
TRANSFERCURVE 


- 
- 
- 
'"ACTUAL 
TRANSFER 
CURVE 


INTEJRAL 
LINEARITY 
ERROR 
{SHOWN-) 


A'" 
IDEAL 
STEP 
SIZE 
(1/255 
OF FULL 
SCALE- 
"O·SCALE 
VOLTAGE) 


B-A'" 
+ DIFFERENTIAL 
LINEARITY 
ERROR 
C - A '" - 01 FFERENTIAL 
L tNE ARITY 
ERROR 


DYNAMIC 
CHARACTERISTICS 


Keeping 
the full-scale 
range (VREF+ 
- 
VREF-) 
as high 
as possible gives the best linearity and lowest "glitch" 
ener- 
gy (referred 
to 
1V). This prOVides the best 
"P" 
and "N" 


channel gate drives (hence saturation 
resistance) 
and prop- 
agation delays. The VREF+ (and VREF- 
if bipolar) terminal 


should be well bypassed 
as near the chip as possible. 


"Glitch" 
energy is defined 
as a spurious voltage that oc- 
curs as the output is changed 
from one voltage to another. 
In a binary input converter, 
it is usually highest at the most 
significant 
bit transition 
(7F16 to 8016 for an 8 bit device), 


and can be measured 
by displaying 
the output as the input 
code alternates 
around that point. The "glitch" 
energy is the 
area between 
the actual 
output 
display 
and an ideal one 
LSB step voltage 
(subtracting 
negative 
area from positive), 


at either 
the positive 
or negative-going 
step. 
It is usually 
expressed 
in pV-s. 


The CA3338 
uses a modified 
R-2R ladder, where 
the 3 
most significant 
bits drive a bar graph decoder and 7 equally 
weighted 
resistors. 
This makes the "glitch" 
energy at each 
'Ie scale transition 
(1F16 to 2016, 3F16 to 4016, etc.) essen- 
tially equal, and far less than the MSB transition 
would oth- 
erwise display. 


For the purpose 
of comparison 
to other converters, 
the 
output should be resistively divided to 1V full-scale. 
Figure 7 
shows a typical hook-up for checking 
"glitch" 
energy or set- 
tling time. 


The settling 
time of the AID 
is mainly a function 
of the 
output 
resistance 
(approximately 
160n 
in parallel 
with the 
load resistance) 
and the load plus internal chip capacitance. 


Both 
"glitch" 
energy 
and settling 
time 
measurements 
re- 
quire 
very good 
circuit 
and probe 
grounding: 
a probe 
tip 
connector 
such 
as Tektronix 
part number 
131-0258-00 
is 
recommended. 
APPLICATIONS 


The output 
of the CA3338 
can be resistively 
divided 
to 
match a doubly terminated 
50n 
or 75n 
line, although 
peak- 
to-peak swings of less than 1V may result. The output mag- 
nitude will also vary with the converter's 
output impedance. 
Figure 7 shows 
such an application. 
Note that because 
of 
the HCT input structure, 
the CA3338 
could be operated 
up 
to + 7.5V VDD and VREF+ 
supplies 
and still accept 
OV to 
5V CMOS input voltages. 


If larger voltage 
swings 
or better 
accuracy 
is desired, 
a 
high speed output buffer, such as the HA-5033, HA-2542, or 
CA3450, 
can be employed. 
Figure 8 shows a typical 
appli- 
cation, with the output capable 
of driving ± 2V into multiple 
50n 
terminated 
lines. 


1-7,9 


8 
DATA 
BITS 


DIGITAL 


GROUND 


CA 3338 


1~ 
LE 


DO - 07 


16 
VDD 
+ 


14 
COMP 


8 


VSS 
----[ 


R3 
PROBE 
TIP 
OR 
BNC 
CONN ECTOR 


Function: 
Connector 
R1 
R2 
R3 
VOUT (PK-PK) 


Oscilloscope 
Display 
Probe Tip 
820 
620 
N/C 
IV 


Match 
930 
Cable 
BNC 
75 
160 
93 
1V 


Match 
750 
Cable 
BNC 
18 
130 
75 
IV 


Match 
500 
Cable 
BNC 
Short 
75 
50 
0.79V 


NOTES 1: VOUT(PK) is approximate. 
and willl/ary 
as ROUT of O/A varies. 


2: All drawn capacitors 
are 0.1 }LF multilayer ceramicl/4.7,...,F 
tantalum. 


3: Dashed connections 
are for unipolar operation, 
solid for bipolar. 


Figure 7: CA3338 Dynamic 
Test Circuit 
• 


'JOUT 
1 


I 
I 
I 
I 
I 
I 


V\JUT 
N 
'0 II-a 


= 4.~, 0"':".' -=! 


TAN 
CER 
/ 


ADJUST 
OFFSET 


NOTES 1: 80th VREF+ pin and 3920 
resistor should be bypassed within Y4 in. 


2: Keep nodal capacitance at CA3450 
pin 3 as low as possible. 


3: Your Range ~ 
±3V at CA3450. 
Figure 8: CA3338 and CA3450 for Driving MUltiple Coaxial Lines 


VREF+ 
5.12V 
5.00V 
4.608V 
2.56V 
2.50V 
VREF- 
0 
0 
0 
-2.56V 
-2.50V 
Step Size 
O.0200V 
O.0195V 
O.0180V 
O.0200V 
O.0195V 


Input Code 


111111112 
= FF16 
5.1000V 
4.9805V 
4.5900V 
2.5400V 
2.4805V 


111111102 
= FE16 
5.0800 
4.9610 
4.5720 
2.5200 
2.4610 
••• 
100000012 
= 8116 
2.5800 
2.5195 
2.3220 
0.0200 
0.0195 
100000002 
= 8016 
2.5600 
2.5000 
2.3040 
0.0000 
0.0000 
011111112 
= 7F16 
2.5400 
2.4805 
2.2860 
-0.0200 
-0.0195 
•• 
• 
000000012 
= 0116 
0.0200 
0.0195 
0.0180 
-2.5400 
-2.4805 


000000002 
= 0016 
0.0000 
0.0000 
0.0000 
-2.5600 
-2.5000 


OPERATING 
AND HANDLING 
OPERATIONS 


1. Handling 


All inputs 
and outputs 
of CMOS 
devices 
have a network 
for 
electrostatic 
protection 
during 
handling. 
Recom- 
mended 
handling 
practices 
for CMOS 
devices 
are de- 
scribed 
in ICAN-6525. 
"Guide 
to 
Better 
Handling 
and 
Operation 
of CMOS 
Integrated 
Circuits." 
2. 
Operating 


Operating 
Voltage 


During operation 
near the maximum 
supply voltage 
limit, 


care should 
be taken 
to avoid or suppress 
power 
supply 
turn-on 
and 
turn-off 
transients, 
power 
supply 
ripple, 
or 
ground 
noise; 
any of these 
conditions 
must 
not cause 
the absolute 
maximum 
ratings 
to be exceeded. 


oC 
CI) 
C') 
C') 
Input Signals 
C') 


To prevent 
damage 
to the input 
protection 
circuit, 
input (1 
signals 
should 
never 
be greater 
than VDD nor less than 
Vss. 
Input currents 
must not exceed 
20 mA even when 
the power 
supply 
is off. 


Unused 
Inputs 


A connection 
must 
be provided 
at every 
input 
terminal. 


All unused 
input terminals 
must be connected 
to either 
Vcc 
or GND, whichever 
is appropriate. 


• 


m 


Features 


• Output 
Current 
.•..•..........•........... 
2mA, F.S. 


• Monolithic 
Construction 


• Extremely 
Fast Settling 
300ns To 0.01 % (Typ) 


• Low Gain Drift .. .. .. .. .. .. .. . . ... 
± 1Oppm/OC (Max) 


• Unearlty 
Guaranteed 
Over Temperature 
... 
±1/2 
LSB 
(Max) 


• Designed 
for Minimum 
Glitches 


• Monotonic 
Over Temperature 


Description 


The Harris HI-562A 
is the first monolithic digital-to-analog 
converter 
to combine 
both high speed performance 
and 
12-bit accuracy on the same chip. The HI-562A's 
fast out- 
put current settling of 300ns to 0.01 % is achieved 
using 
Dielectric Isolation processing to reduce internal parasitics 
for fast rise and fall times during switching. Output glitches 
are minimized 
in the HI-562A 
by incorporating 
equally 
weighted 
current 
sources 
switched 
into an R-2R 
ladder 
network for symmetrical 
turn-ON 
and turn-OFF 
switching 
times. This creates 
within 
the chip 
a very uniform 
and 
constant thermal distribution 
for excellent linearity and also 
completely 
eliminates thermal transients during switching. 
High stability 
thin film resistor 
processing 
together 
with 
laser trimming provide the HI-562A 
with guaranteed 12-bit 
linearity to within ±1/2LSB 
maximum at +250C for -4 and 
-5 parts and to within ±1 /4LSB maxim'um at +250C for -2 


Applications 


• CRT Display 
Generation 


• High Speed 
A/D Converters 


• Video Signal Reconstruction 


• Waveform 
Synthesizers 


• High Speed 
Data Acquisition 


• High-Rei 
Applications 


• Precision 
Instruments 


and -8 parts. The HI-562A 
is recommended 
as a replace- 
ment for higher cost hybrid and modular units for increased 
reliability 
and 
accuracy 
in 
applications 
such 
as 
CRT 
displays, 
precision 
instruments 
and 
data 
acquisition 
systems requiring throughput 
rates as high as 3.3MHz for 
full range transitions. Its small size makes it an ideal choice 
as the heart of high speed A/D converter designs or as a 
building 
block in high speed or high resolution 
industrial 
process control systems. The HI-562A 
is also ideally suited 
for aircraft and space instrumentation 
where operation over 
a wide temperature 
range is required. 


The 
HI-562A 
is 
offered 
in 
commercial, 
industrial 
and 
military 
grades. 
The 
HI-562A 
is available 
in a 24 
pin 


'Ceramic Sidebraze DIP. For MIL-STD-883 
compliant parts, 


request the HI-562A/883 
data sheet. 


VCC 
BIT 1 (MSB) 


CMOSrrn 
BIT 2 IN 
LOGIC SelECT 
VREF LO IN 
BIT 3 IN 


NC 
BIT41N 


VREF HI IN 
BIT 51N 


VEE 
BIT61N 


BIPOLAR RIN 
BIT 71N 


BIPOLAR ROUT 
BIT B IN 


'OAC OUT 
9 
BIT91N 


10V SPAN R 
10 
BIT 10 IN 


20V SPAN R 
11 
BIT 11 IN 


GNO 
12 
BIT 12 (LSB) 


TTL/CMOS 
LOGIC 
LEVEL 
BIT 1 IN 
GND 
V+ 
SELECT 
(MSB) 
2 


·12 
2 
4 
23 


VREF (HI IN) 


5 


BIPOLAR 
ROUT8 


9.95K 


B.75K 
7 


BIPOLAR 
RIN 
• 


Absolute 
Maximum 
Ratings 
(Referred 
to GND, 
Note 1) 


Power Supply 
Inputs 
Vps+ ....................................•......... 
+20V 
Vps- 
................••...•••....••••...•.••........ 
-20V 
Reference 
Inputs 
VREF (High) 
. 


Digital 
Inputs 
Bits 1-12 
(TIL) 
. . . . 
. ...••....•..•..•••..... 
-1V, +7.5V 
Bits 1-12 
(CMOS) 
.. 
. ...•.•.•.••••.•.•••..... 
-1V,Vps+ 
CMosmL 
Logic Select. 
.........•.•....••.. 
-1V, +16.5V 
Outputs 
Pins7,8,10,11 
..........•.......•......•.......... 
±Vps 
Pin 9 .....•............••••••.•.••••..•.•••.... 
+Vps• -5V 
Junction 
Temperature 
+1750C 


Operating 
Temperature 
Range 


HI-562A-2 
-550C 
to + 1250C 


HI-562A-4 
.. •. . .. . . 
-25OC to +850C 


HI-562A-5 
. 
OOCto + 750C 


Storage Temperature 
Range.. 
. 
-650C 
to +1500C 


Electrical Specifications 
(@ +250C. 
vps+ 
= +5V, 
vps- 
= -15V, 
vREF = +10V, 
CMosmL 
Logic 
Select = GND, 
Unless 
Otherwise 
Specified.) 


HI-562A-2 
HI-562A-4/HI-562A-5 


PARAMETER 
CONDITION 
MIN 
TYP 
I 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT CHARACTERISTICS 


Digital 
Inputs (Note 3) 
Bit ON "Logic 
1" 


r""'--...." 


Bit OFF "Logic 
0" 


Logic "1" 
2.0 
2.0 
V 
TTL! 
Logic "0" 
(Vps+ <9.5V) 
0.8 
0.8 
V 
CMOS 
Inpu1 Current (Note 2) 
Pin 2 Tied to Pin 12 
Logic"1" 
Over Full Temperature 
Range 
20 
±500 
20 
±500 
nA 
Logic "0" 
-50 
-100 
-50 
-100 
!JA 
{"""'-- 


Logic"1" 
O·7Vps+ 
O·7Vps+ 
V 


CMOS 
Logic "0" 
Pin 2 Tied to Pin 1 
0.3Vps+ 
0.3Vps+ 
V 
Input Current 
(Vps+ 
~ +9.5V) 
Logic "1" 
Over Full Temperature 
Range 
20 
±5oo 
20 
±5oo 
nA 
Logic "0" 
-50 
-100 
50 
-100 
!JA 


Reference 
Input 
Input Resistance 
(±20%) 
19.95K 
19.95K 
n 


Input Voltage 
+10 
+10 
V 


TRANSFER 
CHARACTERISTICS 


Resolution 
Over Full Temperature 
Range 
12 
12 
Bits 


Nonlinearity 
(Note 3) 
@+250C 
±1/4 
±1/4 
±1/2 
LSB 
Over Full Temperature 
Range 
±1/2 
±1 
±1 
LSB 


Differential 
Nonlinearity 
@+250C 
+1/4 
±1/4 
±1/2 
LSB 
(Note 3) 
Over Full Temperature 
Range 
MONOTONICITY 
GUARANTEED 


Relative Accuracy 
(Note 6) 
With son 
(1'lb) Resistors 


Gain 
Error 
All Bits ON 
±0.024 
±0.25 
±0.024 
±0.25 
'lbFSR 
Bipolar 
Offset Error 
All Bits OFF 
±0.024 
±0.25 
±0.024 
±0.25 
'lbFSR 
Unipolar 
Offset Error 
All Bits OFF 
±0.012 
±0.05 
±0.012 
±0.05 
'lbFSR 
(Note 4) 


Adjustment 
Range 
See Operating 
Instructions 


Gain 
With 1oon 
Trim 
±0.3 
±0.3 
'lbFSR 
Bipolar 
Offset 
Potentiometers 
±0.6 
±0.6 
'lbFSR 


Temperature 
Stability 
Drift Specified With Intemal 
Span Resistors For Volt Oulpu1 
Gain Drift (Note 3) 
Over Full Temperature 
Range 
±6 
±10 
±10 
ppmof 
Offset Drift (Note 3) 
Over Full Temperature 
Range 
FSRIOC 
Unipolar 
Offset 
All Bits OFF 
±2 
±2 
ppmof 
Bipolar 
Offset 
All Bits OFF 
±4 
±4 
FSRfOC 
Differential 
Nanlin. 
Over Full Temperature 
Range 
±1 
±2 
±1 
±2 
ppmof 
FSRfOC 


Settling Time (Note 3) 
All Bits ON-to-OFF 
or 
300 
400 
300 
400 
ns 


to±1/2LSB 
OFF-to-ON 


HI-562A-2 
HI-562A-4/HI-562A-5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX,· 
UNITS 


Major Carry Transient 
Peak Amplitude 
Settling 
From01L1 
to 100 ...0 
0.7 
OJ 
mA 
Time to 90,*, Complete 
or1oo ...0to011 
...1 
35 
35 
ns 


Power Supply Sensitivity (Note 3) 


Unipolar Offset 
Vps+@+5Vor+15V 
All Bits OFF 
±0.5 
±0.5 
ppmof 
Vps- 
@-15V 
.. 
±0.5 
±0.5 
FSR/ 


Bipolar Offset 
,*,Vps 
Vps+@+5Vor+15V 
All Bits OFF, Bipolar Mode 
±1.5 
±1.5 
ppmof 
Vps- 
@-15V 
.. 
±1.5 
±1.5 
FSR/ 


Gain 
,*,Vps 
Vps+@+5Vor+15V 
AllBitsON 
±3.5 
±3.5 
ppmof 
Vps- 
@-15V 
±7.5 
±7.5 
FSR/ 
,*,Vps 


OUTPUT CHARACTERISTICS 


Output 
Current 
Unipolar 
-1.6 
-2.0 
-2.4 
-1.6 
-2.0 
-2.4 
mA 
Bipolar 
±0.8 
±1.0 
±1.2 
±0.8 
±1.0 
±1.2 
mA 


Resistance 
2K 
2K 
n 


Capac~ance 
20 
20 
pF 


Output Voltage Ranges 
Unipolar 
Using External Op Amp 
Oto+5 
Oto+5 
V 
and Internal Scaling Resistors. 
Oto+10 
Oto+10 
V 
Bipolar 
See Figure 1 and Table 1 
±2.5 
±2.5 
V 
For Connections 
±5 
±5 
V 


±10 
±10 
V 


Compliance 
Limit (Note 3) 
-3 
+10 
-3 
+10 
V 


Compliance 
Voltage (Note 3) 
Over Full Temperature 
Range 
±1.0 
±1.0 
V 


Output 
Noise 
0.1 to 10Hz (All Bits ON) 
30 
30 
~Vp_p 
0.1 to 5MHz (All Bits ON) 
100 
100 
~Vp_p 


POWER REQUIREMENTS 


Vps+ (Note 7) 
Over Full Temperature 
Range 
4.5 
5 
16.5 
4.75 
5 
16.5 
V 


Vps- 
Over Full Temperature 
Range 
-13.5 
-15 
-16.5 
-13.5 
-15 
-16.5 
V 


Ips+ (Note 5) 
All Bits ON or OFF in Either 
8 
15 
8 
15 
mA 
Ips- (Note 5) 
TIL or CMOS Mode (250C) 
16 
23 
16 
23 
mA 


Ips+ (Note 5) 
Same as Above Except 
11 
20 
11 
20 
mA 
Ips- 
(Note 5) 
Over Full Temperature 
Range 
20 
30 
20 
30 
mA 


Power Dissipation 
(250C) 
Vps+ = +5V, Vps- = -15V 
280 
420 
280 
420 
mW 


NOTES, 


1. Absolute 
maximum 
ratings 
are 
limiting 
values, 
applied 
individually, 
be- 


yond 
which 
the 
serviceability 
of the 
circuit 
may 
be 
impaired. 
Functional 


operation 
under 
any 
of these 
conditions 
is not necessarily 
implied. 
2. Vps+ 
tolerance is ±10% for HI-S62A-2, 
and ±5% for HI-S62A-4, 
-5. 


3. 
See 
Definitions. 
4. FSR is "Full SCale Range" and is 20V for ±10V 
ranges, 10V for ±5V 


ranges, 
etc., 
or 2mA 
(±20%) 
for current 
output. 


5. 
After 
30 
seconds 
warm-up. 


6. 
Using 
an external 
op amp 
wittrinternal 
span 
resistors 
and 
specified 
exter- 


nal trim resistors 
in place 
of potentiomenters 
R1 and 
R2. 
Errors 
are adjust- 


able 
to zero 
using 
R1 and 
R2 potentiometers. 
(See 
Operating 
Instructions 


Figure 
2.) 


7. 
The 
HI-562A 
is designed 
forVps+ 
= 5V. but +4.5V 
~ Vps+ 
$. 16.5V 
may- 


be connected 
if convenient 
(For Vps+ 
above 
+5V. 
there 
is an increase 
in 


power 
dissipation 
but 
little change 
in performance.) 


Transistor 
Count 
150 


Die Dimensions 
103 
x 209 
mils 


Thermal 
Impedance 
(OCIW) 
ll'ja 
9jc 


Sidebraze 
DIP 
50 
15 


Ceramic 
LCC 
81 
40 


Tie Substrate 
to 
, 
VREF 
Low 
(Analog 
Ground) 


Process 
............•...•................... 
Bipolar-DI 


• 


Definitions 
of Specifications 


Digital 
Inputs 


The HI-562A 
accepts 
digital input codes in binary format 
and may be user connected 
for anyone 
of three binary 
codes: Straight Binary, Two's Complement, or Offset Binary 
·~see Operating 
Instructions). 


ANALOG OUTPUT 


DIGITAL 
Straight 
Offset 
Two's 
INPUT 
Binary 
Binary 
Complement' 


MSB LSB 
000...000 
Zero 
-FS (FullScale) 
Zero 
100...000 
1/2FS 
Zero 
-FS 
111...111 
+FS-1 LSB 
+FS-1 LSB 
1/2FS-1 
LSB 
011...111 
1/2 FS-1 LSB 
Zero-1 LSB 
+FS-1 LSB 


'Invert MSBwith externalinverterto obtainTwo's 
ComplementCoding 


Accuracy 


INTEGRAL NONLINEARITY 
- 
The maximum deviation of 
the actual transfer characteristic 
from an ideal straight line. 


The 
ideal 
line 
is 
positioned 
according 
to 
"end-point 
linearity" 
for 
D/A 
converter 
products 
from 
Harris 
Semiconductor, 
i.e. the line is drawn 
between 
the end- 
points of the actual transfer characteristic 
(codes 00 ...0 and 
11...1). 


DIFFERENTIAL NONLINEARITY - 
The difference between 
one LSB and the output voltage change corresponding 
to 
any two consecutive codes. A Differential Nonlinearity of ±1 
LSB or less guarantees monotonicity. 


MONOTONICITY 
- 
The property 
of a D/A 
converter's 
transfer function which guarantees 1hatthe output derivative 
will not change sign in response to a sequence of increas· 
ing (or decreasing) 
input codes. That is, the only output 
response to a code 
change is to remain constant, increase 
for increasing code, or decrease for decreasing 
code. 


Settling 
Time 


That interval between application of a digital step input, and 
final entry of the analog output within a specified 
window 
about 
the 
settled 
value. 
Harris 
Semiconductor 
usually 
specifies 
a unipolar 
10V full scale step, to be measured 
from 50% of the input digital transition, 
and a window 
of 
±1/2 
LSB about the final value. The device output is then 
rated according 
to the worst (longest settling) case: low to 
high, or high to low. 


Drift 


GAIN DRIFT - 
The change in full scale analog output over 
the specified temperature range expressed in parts per mil- 
lion of full scale range per 0C (ppm of FSR/0C). Gain error 
is measured with respect to +250C 
at high (TH) and low 
(TL) temperatures. 
Gain drift 
is calculated 
for both high 
(TH -25°C) 
and low (+250C 
- TLJ ranges by dividing 
the 
gain erro, by the respective 
change 
in temperature. 
The 
specification 
is the larger of the two representing 
worst 
case drift. 


OFFSET DRIFT - 
The change in analog output with all bits 
OFF over the specified 
temperature 
range expressed 
in 
parts per million of full scale range per 0C (ppm of FSRfOC). 
Offset error is measured with respect to +250C at high (TH) 
and low (TLJtemperatures. Offset Drift is calculated for both 
high (TH -250C) 
and low (+250C 
- TLJ ranges by dividing 
the offset error by the respective 
change 
in temperature. 


The specification 
given is the larger olthe two, representing 
worst-case 
drift. 


Power 
Supply 
sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter 
resulting 
from a change 
in -15V, 
+5V or +15V supplies. 
It is specified 
under DC 
conditions 
and 
expressed 
as 
parts 
per 
million 
of 
full 
scale range per percent of change in power supply (ppm of 
FSR/%Vps). 


Compliance 


Compliance Voltage is the maximum output range for which 
specified accuracy limits are guaranteed. Compliance 
Limit 
implies functional 
operation only and makes no claims to 
accuracy. 


Glitch 


A glitch on the output of a D/A converter is a large transient 
spike 
resulting 
from unequal 
internal 
ON-OFF 
switching 
times. Worst case glitches usually occur at half-scale 
or the 
major carry code transition 
from 011 ...1 to 100 ...0 or vice 
versa. For example, if turn ON is greater than turn OFF for 
011 ...1 to 100 ...0, an intermediate 
state of 000 ...0 exists, 
such 
that, the output 
momentarily 
glitches 
toward 
zero 
output. 
Matched 
switching 
times 
and fast switching 
will 
reduce glitches considerably. 


Operating Instructions 


Decoupling 
and Grounding 


For best accuracy 
and high frequency 
performance, 
the 
grounding 
and 
decoupling 
scheme 
shown 
in 
Figure 
1 
should 
be used. 
Decoupling 
capacitors 
should 
be con- 
nected close to the HI-562A 
(preferably to the device pins) 
and 
should 
be 
tantalum 
or 
electroly1ic 
bypassed 
with 
ceramic types for best high frequency 
noise rejection. 


"' 
~ 
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p 


•• 
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Unipolar 
and Bipolar 
Voltage 
Output 
Connections 


CONNECTIONS 
- 
Using an external resistive load, the out- 
put 
compliance 
should 
not 
exceed 
±1 V 
to 
maintain 
specified 
accuracy. 
For higher output 
voltages, 
accuracy 
can be maintained 
by using an external 
op amp and the 
internal span resistors as shown in Figure 2 and defined in 
Table 1 for unipolar and bipolar modes. 


*For TIL and DTL compatibility, connect +5V to pin 1 and tie pin 2 to pin 12. 


For CMOS compatibility, connect digital power supply (9.5V ~ VOO 
.$ 
+ 1.2V)to pin 1 and short pin 2 to pin 1. 


**Bias resistor, RB, should be chosen to equalize op amp offset voltage due 
to bias current. Its value is calculated from the parallel combination 
of the 
current source output resistance (2K) and the op amp feedback resistor. 
See Table 1 for values of AS. 


CONNECTIONS 


OUTPUT 
PIN7 
PINe 
PIN 10 
PIN 11 
BIAS (RB) 


RANGE 
TO 
TO 
TO 
TO 
RESISTOR 


Unipolar 
Olo+10V 
NC 
NC 
A 
NC 
1.43K 


Mode 
Olo+SV 
NC 
NC 
A 
9 
1.11K 


Bipolar 
±10V 
0 
9 
NC 
A 
7600 


Mode 
±5V 
0 
9 
A 
NC 
8400 


±2.5V 
0 
9 
A 
9 
7660 


External 
Gain and Zero 
Calibration 
(See Figure 
2) 


The 
input 
reference 
resistor 
(20K 
nominal) 
and 
bipolar 
offset resistors shown in Figure 2 are both intentionally 
set 
low by 50n 
to allow the user to externally 
trim-out 
initial 


errors to a very high degree of precision. The adjustments 
are made in the voltage output mode using an external op 
amp 
as 
current-to-voltage 
converter 
and 
the 
HI-562A 
internal scaling resistors as feedback elements for optimum 
accuracy 
and temperature 
coefficient. 
For best accuracy 
over temperature, select an op amp that has good front-end 
temperature 
coefficients 
such as the HA-2600/2605 
with 
offset 
voltage 
and offset 
current 
tempco's 
of 5!'V/OC 
in 
1nA/OC, respectively. For high speed voltage mode applica- 
tions where fast settling is required, the HA-251 0/2515 
is 
recommended 
for better than 1.5!,s settling to 0.01 %. Using 
either one, potentiometer 
R3 conveniently 
nulls 
unipolar 
offset plus op 
amp offset in one operation 
(for HA-2510/ 


2515 
and 
HA-2600/2605 
use 
R3 = 
20K 
and 
100K, 


respectively). 
For bipolar 
mode operation, 
R3 should 
be 
used to null op amp offset to optimize its tempco (I.e., short 
9 to A and adjust R3 for zero before calibrating 
in bipolar 
mode). 
The 
gain 
and 
bipolar 
offset 
adjustment 
range 
using 
100n 
potentiometers 
is ±12 
LSB and ±25 
LSB, 


respectively. If desired, the potentiometers 
can be replaced 
with fixed 50n 
(1%) resistors resulting in an initial gain and 
bipolar offset accuracy 
of typically 
±1/2 
LSB. 


UNIPOLARCALIBRATION 


Step 1: 
UnipolarOffset 
• 
Tum all bits OFF 
• 
Adjust R3 lor zero volts output 


Step 2: 
Gain 
• 
Tum aUbijs ON 
· 
Adjust R2 lor anoutput 01 FS- 1 LSB 
Thatis,adjust lor: 
9.9976Vlor OVto + 1OVrange 
4.9988V lor OVto +5V range 


BIPOLAR CALIBRATION 


Step 1: 
Bipolar Offset 
• 
Turn all bits OFF 
· 
Adjust R1 lor anoutput 01: 


-1OVlor ±10V range 
-5V lor ±5V range 
-2.5V lor ±2.5V range 


Step 2: 
Gain 
• 
Tum bill 
(MSB)ON; allother bits OFF 
· 
Adjust R2lor zero volts output 


• 


• 
DAC AND REFERENCE 
DN A SINGLE 
CHIP 


• 
PIN COMPATIBLE 
WITH AD565A 


• 
VERY HIGH SPEED: 
SETTLES TO 1/2 LSB IN 250ns, MAX. 
FULL SCALE SWITCHING 
TIME 30ns, TYP. 


• 
GUARANTEED 
FOR OPERATION 
WITH ±12V SUPPLIES 


• 
MDNDTONICITY 
GUARANTEED 
OVER TEMPERATURE 


• 
1/2 LSB MAX NDNLlNEARITY 
GUARANTEED 
DVER 
TEMPERATURE 


• 
LOW GAIN DRIFT 
(MAX, 
DAC PLUS 
25ppm/oC 
REFERENCE) 


• 
LDW POWER DISSIPATIDN 
250mW 


• 
CRT DISPLAYS 


• 
HIGH SPEED AID CONVERTERS 


• 
SIGNAL 
RECONSTRUCTIDN 


• 
WAVEFDRM 
SYNTHESIS 


NC 


NC 


VCC 


REF OUT (+lOV) 


REF GNO 


REF IN 


-VEE 


BIPOLAR 
R IN 


IOAC OUT 


10V SPAN R 


20V SPAN R 


POWER GNO 


BIT 1 (MSB)IN 


BIT 21N 


BIT 3 IN 


BIT 4 IN 


BIT 51N 


BIT BIN 


BIT 7 IN 


BIT 8 IN 


BIT 9 IN 


BIT 10 IN 


BIT 11lN 


BIT 12(lSB)IN 


...-,.,.•...,.,.... 


High Speed Monolithic 
Digital-to-Analog 
Converter 
with Reference 


The H1-565A 
is a fast, 
12 bit 
current 
output, 
digital 
to analog 
converter. 
The monolithic 
chip includes a precision voltage refer- 
ence, thin-film 
R-2R ladder, reference control amplifier 
and twelve 


high-speed bipolar current switches. 


The Harris Semiconductor 
dielectric 
isolation process provides latch- 


free 
operation 
while 
minimizing 
stray 
capacitance 
and 
leakage 
currents, to produce an excellent 
combination 
of speed and accur- 
acy. 
Also, ground 
currents are minimized 
to produce a low and 
constant 
current 
through the ground terminal, 
which reduces error 
due to code-dependent 
ground currents. 


HI-565A 
dice 
are laser trimmed 
for 
a maximum 
integral 
non- 
linearity 
error of ±1/4 
LSB at +250C. 
In addition, 
the low noise 
buried 
zener 
reference 
is trimmed 
both 
for 
absolute 
value and 
minimum 
temperature coefficient. 


The H1-565A 
is offered 
in both commercial 
and military 
grades. 
For additional 
Hi-Rei screening including 
160 hour burn-in, 
specify 
the "-8" 
suffix. 
See Ordering Information. 


Package is a 24 pin side-brazed 
ceramic 
DIP. 
Power dissipation 


is typically 
250mW, with 
±15V supplies. 


Absolute Maximum 
Ratings* 


VCC to Power 
Ground 
.............•..... 
OVto+18V 


VEE to Power 
Ground. 
. . . . . . . . . . . . . . . .. 
OV to -18V 


Voltage 
on OAC Output 
(Pin 9). 
-3V to +12V 


Oigitallnputs 
(Pins 13-24) 
to Power 
Ground 
-lV 
to +7.0V 


ReflntoReferenceGround 
±12V 


Bipolar 
Offset 
to Reference 
Ground 
...•..•........ 
± 12V 


Junction 
Temperature. 
. . . . . . . . . . • . . . . . . • . .. 
1750C 


10V Span 
R to Reference 
Ground 
± 12V 


20V Span 
R to Reference 
Ground 
± 24V 


Ref Out 
Indefinite 
Short 
to Power 
Ground 


Momentary 
Short 
to VCC 


Operating 
Temperature 
Ranges: 


HI-565AS,T-2 
...........•...... 
-550Cto+1250C 


HI-565AJ, 
K-5 
....•......•........ 
DoC to +750C 


HI-565AS, 
T-8 
-550Cto+1250C 


HI-565AJ, 
HI-565AS 
HI-565AK, 
HI-565AT 


MODEL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DATA INPUTS (Note 1) (Pins 13 to 241 


Tll 
or 5V CMDS (TMIN to TMAXI 
Input Voltage 
Bit DN Logic "1" 
+2.0 
+5.5 
+2.0 
+5.5 
V 
Bit OFF Logic "0" 
+0.8 
+0.8 
V 
Logic Current (Each Bitl 
Bit ON Logic "1" 
.01 
+1.0 
.01 
+1.0 
IJA 
Bit OFF Logic "0" 
-2.0 
-20 
-2.0 
-20 
IJA 


RESOLUTION 
12 
12 
Bits 


OUTPUT 


Current 
Unipolar (All Bits On) 
-1.6 
-2.0 
-2.4 
-1.6 
-2.0 
-2.4 
mA 
Bipolar (All Bits on or om 
fO.8 
f1.0 
±1.2 
±0.8 
±1.0 
±1.2 
mA 
Resistance (Exclusive 
of Span Resistors) 
l.Bk 
2.5k 
3.2k 
1.8k 
2.5k 
3.2k 
~ 
Offset 
Unipolar 
0.01 
0.05 
0.01 
0.05 
% of F.S. 
Bipolar (Figure 
2, R3 = 
50~Fixedl 
0.05 
0.15 
0.05 
0.1 
% of F.S. 
Capacitance 
20 
20 
pF 
Compliance 
Voltage, TMIN to TMAX 
-1.5 
+10 
-1.5 
+10 
V 


ACCURACY (Error Relative to 
Full Scale) 


+250C 
±1/4 
±112 
±ll8 
±1/4 
LSB 
10.006) 
10.012) 
10.003) 
10.006) 
% of F.S. 


TMIN to TMAX 
±1/2 
±3/4 
±1/4 
±112 
LSB 
10.012) 
10.0181 
10.006) 
10.0121 
% OF F.S. 


DIFFERENTIAL 
NONLINEARITY 


+250C 
±112 
±3/4 
f1/4 
±1/2 
LSB 


TMIN to TMAX 
MONOTONICITY 
GUARANTEED 


TEMPERATURE 
COEFFICIENTS 


With 
I nternal 
Reference 


Unipolar 
Zero 
1 
2 
1 
2 
ppm/oC 


Bipolar 
Zero 
5 
10 
5 
10 
ppm/oC 
Gain (Full Scale) 
15 
40 
10 
25 
ppm/oC 


Differential 
Nonlinearity 
2 
2 
ppm/oC 


SETTLING TIME TO 1/2 LSB 


With High.Z External 
Load (Note 2) 
350 
500 
350 
500 
ns 


With 75 ~ 
External 
Load 
150 
250 
150 
250 
ns 


• 


HI-565AJ, 
HI-565AS 
HI-565AK, 
HI-565AT 


MOOEL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FULL SCALE TRANSITION 
(From 
50% of Logic Input to 90% of Analog 
Output) 


Rise Time 
15 
30 
15 
30 
ns 
Fall Time 
30 
50 
30 
50 
ns 


TEMPERATURE 
RANGE 


Operating 
(H 1-565AJ/K) 
0 
+75 
0 
+75 
oC 


(HI-565ASm 
-55 
+125 
-55 
+125 
oC 


Storage 
D Package 
(All) 
-65 
+150 
-65 
+150 
oc 


N Package 
(J, K) 
-25 
+150 
-25 
+150 
oc 


POWER REQUIREMENTS 


ICC, +11.410 
+16.5V 
DC 
9.0 
11.8 
9.0 
11.8 
mA 
'EE.-l1.4to 
-16.5V 
DC 
-9.5 
-14.5 
-9.5 
-14.5 
mA 


POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 


VCC = +11.4 to +16.5 VDC 
3 
10 
3 
10 
ppm of 
F.S./% 
VEE = -11.4 to -16.5 VDC 
15 
25 
15 
25 
ppm of 
F.S./% 


PROGRAMMA8LE 
OUTPUT 
RANGES (See Table 1) 
o to +5 
o to +5 
V 
-2.5 to +2.5 
-2.5 to +2.5 
V 
o to +10 
o to+l0 
V 
-5 to +5 
-5 to +5 
V 
-10to+l0 
-10to+l0 
V 


EXTERNAL AOJUSTMENTS 


Gain Error with Fixed 50n 
Resistor 
for R2 (Figure 1) 
to.l 
iO.25 
±0.1 
±0.25 
% of F.S. 
Bipolar Zero Error with Fixed 50n 
Resistor for R3 (Figure 2) 
:to.05 
±0.15 
±0.05 
±0.1 
% of F.S. 


Gain Adjustment 
Range (Figure 1) 
±0.25 
to.25 
%of F.S. 


Bipolar 
Zero Adjustment 
Range 
±0.15 
±a.15 
%of F.S. 


REFERENCE 
INPUT 


Input Impedance 
15K 
20K 
25K 
15K 
20K 
25K 


REFERENCE 
OUTPUT 


Voltage 
9.90 
10.00 
10.10 
9.90 
10.00 
1O.W 
V 
Current (Available for External Loads) 
1.5 
2.5 
1.5 
2.5 
mA 


POWER DISSIPATION 
250 
375 
250 
375 
mW 


NOTES: 


1. 
Guaranteed 
but not tested 
over the operating 
temperature 
range. 
2. 
See settling time discussion and Figure 3. 


3. 
The Power Supply Gain Sensitivity 
is tested in reference to aVec. VEE 
of ±15V. 


Definitions of Specifications 


DIGITAL 
INPUTS 


The H1-565A accepu 
digital input codes in binary format and 
may be user connected 
for anyone 
of three binary codes. 


Straight 
Binary, Two's 
Complement", 
or Offset Binary, (See 
Operating Instructions). 


Straight 
Binary 
Two's 
Complement" 


Offset 
Binary 


MSB...LSIf 
000.:.000 
100...000 
111...111 
011...111 


-FS (Full Scale) 
Zero 
+FS - 1 LSB 
Zero - 1 LSB 


Zero 
-FS 
Zero - 1 LSB 
+FS - 1 LSB 


Zero 
%FS 
+FS - 1 LSB 
%FS - 1 LSB 


"Invert MSBwith external inverter to obtain Two's 
Complement Coding 


NONLINEARITY 
- 
Nonlinearity 
of a O/A converter 
is an 
important 
measure of its accuracy. 
It describes the deviation 
from an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 


DIFFERENTIAL 
NONLINEARITY 
- 
For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSBI voltage change for a one bit change in code. 
A Differential Nonlinearity of ±1 LSB or less guarantees mono- 
tonicity; 
i.e., the output 
always increases and never decreases 
for an increasing input. 


Settling 
time is the time required for the output 
to settle to 
within 
the specified error band for any input code transition. 


It is usually specified for a full scale or major carry transition, 
settling to within 1/2 LSB of final value. 


DRIFT 


GAIN DRIFT - The change in full scale analog output over the 
specified temperature 
range expressed 
in parts per million of 
full scale range per oC (ppm of FSR/oC). 
Gain error is meas- 
ured with respect to +250C at high (TH) and low (TLl temp- 
eratures. 
Gain drift is calculated for both high (TH -250C)- and 
low ranges (+250C -TLl by dividing the gain error by the respec- 
tive change in temperature. 
The specification 
is the larger of 
the two representing worst case drift. 


OFFSET DRIFT - 
The change in analog output 
with all bits 
OFF over the specified temperature 
range expressed 
in parts 
per million of full scale range per 0C (ppm of FSR/OC). Offset 
error is measured with respect to +250C at high (THI and low 
(TLI temperatures. 
Offset Drift is calculated 
for both high 
(TH -250C) and low (+250C -TLI ranges by dividing the offset 
error by the respective change in temperature. 
The specification 
given is the larger of the two, representing 
worst-case 
drift. 


Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V 
or +15V supplies. 
It is specified under 
DC conditions 
and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 


Compliance Voltage is the maximum output 
voltage range that 
can be tolerated and still- maintain its specified accuracy. 
Com- 
pliance Limit implies functional 
openftion 
only and makes no 
claims to accuracy. 


A glitch on the output 
of a D/A converter is a transient spike 
resulting from unequal internal 0 N-O FF switching times. Worst 
case glitches usually 
occur at half-scale 
or the major carry 
code transition 
from 011...1 to 100...0 or vice versa. 
For ex- 


ample, 
if turn 
ON is greater than turn OFF for 011 ... 1 to 


100...0, an intermediate 
state of 000 ...0 exists, such that, the 
output 
momentarily 
glitches toward 
zero output. 
Matched 


switching 
times 
and 
fast 
switching 
will 
reduco 
glitches 


considerably. 


The 
HI-565A's 
current 
output 
may be converted 
to voltage 
using the standard connections shown in Figures 1 and 2. The 
choice 
of operational 
amplifier should be reviewed for each 


application, 
since a significant trade-off 
may be made between 


speed and accuracy. 


For highest precision, use an HA-5130_ 
This amplifier contri- 


butes negligible error, but requires about llJ.ls to settle within 
±Q.l% following a 10V step. 


for this application, and it settles in 1.5J.ls(also to ±0.1% follow- 
ing a 10V step)V'Re2'ember, 
settling time for the DAC-amplifier 


combination 
is 
to 
+ tA2, where to, tA are settling times for 
the DAC and amplifier. 


The 
H1-565A will perform 
as specified 
without 
calibration 


adjustments. 
To operate without 
calibration, 
substitute 
50 n 


resistors for the lOOn 
trimming potentiometers: 
In Figure 1 
replace R2 with 50n 
; also remove the network on pin 8 and 


connect 
50n 
to ground. 
For bipolar operation 
in Figure 2, 
replace R3 and R4 with 50n resistors. 


• 


CIRCUIT CONNECTIONS: 
CALIBRATION: 


OUTPUT 
PIN10 
PIN 11 
RESISTOR 
APPLY 
TO SET 
MOOE 
RANGE 
TO 
TO 
(R) 
INPUT CODE 
ADJUST 
Vo 


Unipolar 
o to +10V 
Vo 
Pin 10 
1.43K 
All O's 
Rl 
OV 
(See Fig. 1) 
AliI's 
R2 
+9.99756V 


o to +5V 
Vo 
Pin 9 
1.1K 
All O's 
Rl 
OV 
AliI's 
R2 
+4.99878V 


Bipolar 
±10V 
NC 
Vo 
1.69K 
All O's 
R3 
-10V 
(See Fig. 2) 
AliI's 
R4 
+9.99512V 


±5V 
Vo 
Pin 10 
1.43K 
All O's 
R3 
-5V 
AliI's 
R4 
+4.99756V 


±2.5V 
Vo 
Pin 9 
1.1K 
All O's 
R3 
-2.5V 
AliI's 
R4 
+2.49878V 


With these changes, performance 
is guaranteed as shown under 
Specifications, 
"External 
Adjustments". 
Typical 
unipolar 
zero will be ±112 LSB plus the op amp offset. 


Calibration 
provides the maximum accuracy from a converter 
by adjusting its gain and offset errors to zero. For the HI-565A, 
these 
adjustments 
are similar whether 
the current 
output 
is 
used, or whether an external op amp is added to convert this 
current to a voltage. 
Refer to Table 1 for the voltage output 
case, along with Figure 1 or 2. 


Calibration 
is a two step process for each of the five output 
ranges shown in Table 
1. 
First adjust the negative full scale 
(zero for unipolar ranges). 
This is an offset adjust which trans- 
lates the output 
characteristic, 
i.e. affects each code by the 
same amount. 


Next adjust positive FS. This is a gain error adjustment, which 
rotates 
the output 
characteristic 
about the negative FS value. 


For the bipolar ranges, this approach leaves an error at the zero 
code, whose maximum value is the same as for integral non- 
linearity error. 
In general, only two values of output may be 
calibrated 
exactly; 
all 
others 
must 
tolerate 
some 
error. 


Choosing the extreme 
end points 
(plus and minus full scale) 
minimizes this distributed err.or for all other codes. 


Settling Time 


This is a challenging measuremeQt, in which the result depends 
on the method chosen, the precision and quality of test equip- 
ment and the operating configuration 
of the DAC (test condi- 
tions). 
As a result, the different techniques 
in use by converter 
manufacturers 
can lead to consistently 
different, results. 
An 
engineer should understand 
the advantage and limitations 
of a 
given test method 
before 
using the specified settling time as 
a basis for design. 


The approach 
used for several years at Harris Analog Products 
Division calls for a strobed comparator 
to sense final perturba- 
tions of the DAC output waveform. 
Tnis gives the LSB a reason· 
able magnitude 
(814J1V for the HI-565Al, 
which provides the 
comparator 
with 
enough 
overdrive 
to establish 
an accurate 
±1/2 
LSB window 
about 
the 
final settled value. 
Also, the 
required test conditions'simulate 
the DAC's'environmenUor 
a 
common 
application 
- 
use in a suecessive approximation 
AID 
converter. 
Considerable 
experience 
has shown this to be a 
reliable and repeatable way to measure settling time. 


The usual specification 
is based on a 10V step, produced 
by 
simultaneously 
switching 
all bits 
from 
off-to-on 
(tON) 
or 
on-to-off 
(tOFF). 
The slower of the two cases is specified, 
as measured 
from 
50% of the digital input transition 
to the 
final entry within a window of ±1/2 LSB about the settled value. 
Four measurements characterize a given type of DAC, 


(a) 
tON, to final value +1/2 LSB 
(b) 
tON, to final value -1/2 LSB 
(c) 
tOFF, to final value +1/2 LSB 
(d) 
tOFF, to final value -1/2 LSB 


(Cases (b) and (e) may be eliminated 
unless the 
overshoot 
exceeds 
1/2 
LSB). 
For example, 
refer to Figure 3 for the 
measurement 
of case (d). 


As shown in Figure 3B, settling time equals tx plus the compar- 
ator delay (to = 15ns). To measure tx, 


• 
Adjust the delay on generator # 2 for a tx 
of several 
microseconds. 
This assures that 
the DAC output 
has 
settled to its final value. 


• 
Adjust 
the 
VLSB supply 
for 50 percent 
triggering at 
COMPARATOR 
OUT: 
This is indicated 
by traces of 
equal brightness on the oscilloscope display as shown in 
Figure 3B. Note OVM reading. 


• 
Readjust the VLSB supply for 50% triggering as before, 
and note DVM reading. 
One LSB equals one tenth the 
difference in the DVM readings noted above. 


• 
Adjust the VLSB supply to reduce the DVM reading by 
5 LSB's (DVM reads lOX, so this sets the comparator 
to 
sense the final settled value minus 1/2 LSB). Comparator 
output disappears. 


• 
Reduce generator # 2 delay until comparator 
output 
reappears, and adjust for "equal brightness". 


• 
Measure tx from scope as shown in Figure 3B. Settling 
time equals tx + to, i.e. tx +15ns. 


SETTLING 
TIME 
to - COMPARATOR 
DELAY 
'x 


COMPo 
STROBE 


"EQUAL 
BRIGHTNESS" 


• 


to pin 9 should be short and few. 
Component leads should be 
short on the side connecting to pin 9 (as for feedback capacitor 
C). See the Settling Time section. 


Power supply bypass capacitors on the op amp will serve the 
HI-565A also. 
If no op amp is used, a O.OIIlF ceramic capacitor 
from each supply terminal to pin 12 is sufficient, since supply 
current variations are small. 


"Current cancellation is a two-step process within the H1-565A in 
which code-dependent 
variations are eliminated, then the result- 
ing DC current is supplied internally. 
First an auxiliary 9 bit 
R-2R ladder is driven by the complement 
of the DAC's input 
code. 
Together, the main and auxiliary ladders draw a continu- 
ous 2.25mA from the internal ground node, regardless of input 
code. 
Part of this DC current is supplied by the zener voltage 
reference, and the remainder is sourced from the positive supply 
via a current 
mirror which is laser trimmed 
for zero current 
through the external terminal (pin 5). 


The HI-565A has two ground terminals, pin 5 (REF GND) and 
pin 12 (PWR GND). 
These should not be tied together 
near 
the package unless that point is also the system signal ground 
to which all returns are connected. 
(If such a point exists, then 
separate paths are required to pins 5 and 12). 


The current through pin 5 is near-zero DC"; but pin 12 carries 
up to 1.75mA of code - dependent current from bits 1, 2, and 
3. 
The general rule is to connect pin 5 directly to the system 
"quiet" 
point, usually called signal or analog ground. 
Connect 
pin 12 to the local digital or power ground. 
Then, of course, 
a single path must connect the analog/signal and digital/power 
grounds. 


Connections to pin 9 (lOUT) on the HI-565A are most critical 
for high speed performance. 
Output capacitance of the DAC 
is only 20pF, so a small change or additional capacitance may 
alter the op amp's stability and affect settling time. Connections 


Transistor Count 
Die Size 
Thermal Constants; 0 ja 


Ojc 
Tie Substrate to: 
Process: 


200 
179 x 107 mils 


510C/W 


160C/W 


Ref. Ground 
Bipolar - 01 


m HARRIS 
HI-DAC16S1 


H\ OP.C16a!1~~~g~ 
'\' DAC16C 


RECOMM~NOr: ~ 
16-Bit D to A Converter 


Features 
\ 
SEE. IC\,,- -FDescription 


l\~ 


• 16 BIT RESOLUTION 
• MONOLITHIC 01 BIPOLAR CONSTRUCTION 
• FAST SETTLING TIME 
• LOW DIFF. NONLIN. DRIFT 
• LOW GAIN DRIFT 
• ON-CHIP SPAN & OFFSET RESISTORS 
• TTL/5V-CMOS 
COMPATIBLE 
• LOW UNIPO LAR 0 FFSET 
• LOW UNIPOLAR OFFSET T.C. 
• EXCELLENT STABILITY 


• 
PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 


IllS TO .003%FS 


± 0.3ppm/oC 


± lppm/oC 


~ 1/2LSB@+250C 


± 0.2ppm/oC 


-Vps 
CONTROL 
AMP, -IN 
CONTROL 
AMP. 
+IN 
10V SPAN R 
BIPOLAR 
O/S 
lOUT 
6 
N.C. 
7 
N.C. 
8 
20V SPAN R 
9 
N.C. 
10 
VREF 
IN 
11 


ANALOG 
GND 
12 
N.C. 
13 
N.C. 
14 
N.C. 
15 
N.C. 
16 
GND 
TERM 
17 
±5V 
TERM 
R 
18 
flOV 
TERM 
R 
19 
N.C. 
20 


40 
P.S. GND 
39 
+VpS 
38 
BIT 
1 (MSBI 
37 
BIT 2 
36 
BIT 3 
35 
BIT 4 
34 
BIT 5 
33 
BIT 6 
32 
BIT 7 
31 
BIT 8 
30 
BIT 9 


29 
BIT 
10 
28 
BIT 11 
27 
BIT 
12 
26 
BIT 13 
25 
BIT 
14 
24 
BIT 15 
23 
BIT 
16 (lSB) 
22 
N.C. 


21 
N.C. 


The HARRIS HI-DACI6 
is a 16-bit, current output 
D/A converter. 


Single chip construction 
includes 
thin-film 
application 
resistors 
for use with an external 
op amp. 
These permit standard 
output 
voltage ranges of 0 to +5V, 0 to +10V, ±2.5V, ±5V and ±10V. 
The HI-DACI6B 
is monotonic 
to 15 bits; and the HI-DAC16C to 
14 bits. 


Reference and span resistors have adjacent 
placement 
on the chip- 


for optimum 
match and thermal tracking. 
Futhermore, 
this layout 


feature 
helps 
minimize 
the 
superposition 
error 
caused 
by self- 


heating 
of the 
span resistor, 
reducing 
it to less than 
1/10LSB. 


This 
and 
other 
design innovations 
have produced 
exceptionally 
stable operation over temperature. 
Typical temperature 
coefficients 


are! 
1ppm/oC for gain error and 0.3ppm/oC 
for differential 
non- 
linearity error. 


The 
internal 
architecture 
is an extension 
of the earlier 
HI-562 
with 
several 
major 
improvements. 
All code dependent 
ground 
currents 
are steered to a separate non-critical 
path, namely, power 
supply 
ground. 
This feature 
allows the precision ground of the 
converter 
to be sensed with virtually zero voltage drop referred to 
system ground. 
The result is the complete 
elimination 
of non- 
Iinearities due to code dependent 
ground currents while yielding an 
extremely 
low unipolar offset of less than I/2LSB. 
Because of this 
separation, 
the user may route the precision ground some distance 
to the system ground without degrading converter accuracy. 


The HARRIS HI-DAC 16 
delivers a stable, accurate 
output with- 


out sacrifice 
in speed. 
Settling 
time to within 
:to.003"1o is one 
microsecond. 
Overall performance 
of this monolithic 
device should 
be attractive 
for applications 
such as high fidelity audio and high- 
resolution control systems. 


Two accuracy 
grades are offered, and typical power dissipation 
is 
465mW. 
Package is a 40 pin ceramic DIP. 
For further informa- 
tion, see Application 
Note 539. 


11 
12 
VREF 
ANALOG 
IN 
GND 


GROUND 
CURRENT 
CANCELLATION 
CIRCUIT 


4 
10V 
SPAN R 


lOUT 


P.S. GND 


40 
5 


19 
!10V 
TERM 
SPAN R 
246f! 


18 
:!:5V TERM 
SPAN R 


+20V 
-20V 
±.vps 


-IV,+12V 


Junction Temperature 
Operating Temperature Range 
Vps+ 
Vps- 


VREF(Hi) 


Bits 1 to 16 


Reference Inputs 


Oigitaiinputs 


Electrical 
Specifications 
(TA =.+25"C, vps = ±15V, 
Vref = +10V. unless otherwise specified) 


HI-OACI6B 
HI-OAC16C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT CHARACTERISTICS 


Digital 
Inputs 
Bit ON "Logic 1" 
Bit 0 FF "Logic 0" 


Input 
Voltage 


Logic "1" 
2.0 
2.0 
V 


Logic "0" 
0.8 
0.8 
V 


Full Temperature 
Range 


Input Current 


Logic "1" 
20 
SOD 
20 
500 
nA 


Logic "0" 
-50 
-50 
/iA 


Reference Input 


Input 
Resistance 
10 
10 
kn 


Input Voltage 
10 
10 
V 


TRANSFER 
• 


CHARACTERISTICS 


Resolution 
Full Temperature 
Range 
16 
16 
Bits 


Nonlinearity 
25°C 
:to.0023 
:t 0.0045 
%FSRI31 


Full Temperature 
Range 
to.0045 
:to.OOB 


Differential 
25°C 
:to.0015 
to.003 
%FSR 
Nonlinearity 
Full Temperature 
Range 
:to.003 
±'0.006 


Relative 
Accuracy 
(5) 
With 
tOOnO%) 
Trim 
Resistors 


Unipolar Gain Error 
All Bits ON 
to.1 
± 0.25 
:to.l 
to.25 


Bipolar Offset Error 
All Bits OFF 
± 0.15 
±0.43 
:to.15 
to.43 
%FSR 


Unipolar Offset Error 
:to.002 
± 0.05 
to.002 
:to.05 


Adjustment 
Range 
See Operating 
Instructions 


Gain 
Using Trim Potentiometers 
:t3 
t3 
%FSR 
Bipolar Offset 
as shown in Figure 1 
to.43 
±'0.43 


Temperature 
Stability 
Drift specified with internal 


span resistors for voltage output 


Gain Drift {21 
Full Temperature 
Range 
:tl 
t5 
±.I 
t5 
ppm of 
Oll"t 
Drift 121 
FSR/oC 


Unipolar Offset 
All Bits OFF 
to.2 
:to.2 


Bipolar Offset 
to.5 
±'0.5 


Differential 
Nonlinearity 
Full Temperature 
Range 
to.3 
±'0.3 


Settling Time (2) 
All Bits ON-1o-OFF or 
1.0 
1.0 
/is 


to to.003%FS 
OFF-1o-ON 


HI-OACI6B 
HI-OACI6C 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Glitch (2) 
From 0111 ... 1 to 100 ... 0 
1300 
1300 
mY-os 
orl00 
... 0to011 
... 
1 


Power Supply (2) 
Rejection Ratio, PSR R 131 
Vps+ 
1.5 
1.5 
ppm of 
Vps- 
1.5 
1.5 
FSR/%Vps 


OUTPUT 
CHARACTERISTICS 


Output Current 


Unipolar 
-1.6 
-2 
-2.4 
-1.6 
-2 
-2.4 
mA 
Bipolar 
±0.8 
±1 
±1.2 
:to.8 
t.l 
:t1.2 


Resistance 
2.5k 
2.5k 


Capacitance 
10 
10 
pF 


Output 
Voltage 
Ranges 
Using 
external 
op amp 
o to +5 
o to +5 


Unipolar 
and internal scaling 
o to +10 
o to +10 
resistors. See Figure 
1 
± 2.5 
:t2.5 
V 


Bipolar 
and Table 
1 for connections 
±5 
±5 
:t10 
±10 


Compliance 
limit 
(2) 
-3 
+10 
-3 
+10 
V 


Compliance 
Voltage 
(21 
Full Temperature 
Range 
±1 
±1 
V 


Output 
Noise 
0.1 to 5MHz (All bits ON) 
30 
30 
/JVRMS 


POWER REQUIREMENTS 


Vps+ (7) 
Full Temperature 
Range 
13.5 
+15 
16.5 
13.5 
+15 
16.5 
Vps- 
-13.5 
-15 
-16.5 
-13.5 
-15 
-16.5 
V 


Ips+ (41 
All Bits ON or OFF 
+13 
+18 
+13 
+IB 
Ips- (41 
Full Temperature 
Range 
-25 
-18 
-25 
-18 
mA 


Power Dissipation 
465 
465 
mW 


1. Absolute' 
maximum 
ratings 
are 
limiting 
values, applied 
individually, beyond which the serviceability of the circuit 
may be impared. Functional operation under any of these 
conditions is not necessarily implied. 
5. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potimtiometers 
RI and R2. Errors are adjustable to zero using RI and R2 
potentiometers. (See Operating Instructions Figure 2.) 


3. FSR is "full scale range" and is 20V for±10V range, IOV 
for ±5V range, etc., or 2mA h.20%) for current 
output 


The HI·OAC lSB/C accepts digital input codes in binary format 
and may be user connected for anyone 
of three binary codes. 
Straight 
Binary, Two's 
Complement, 
or Offset 
Binary. 
(See 
Operation Instructions). 


ANALOG OUTPUT 


DIGITAL 
Straight 
Offset 
Two's 
INPUT 
Binary 
Binary 
Complement" 


MSB LSB 
000 ...000 
Zero 
·FS 9(Full Scale) 
Zero 
100...000 
Y.FS 
Zero 
-FS 
111...111 
+FS - 1 LSB 
+FS -1 
LSB 
Zero - 
1 LSB 
011...111 
Y.FS- 1 LSB 
Zero - 
1 LSB 
+FS - 1 LSB 


"Invert MSBwith external inverter to obtain Two's 
Complement Coding 


INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer 
characteristic 
from an ideal straight line. 
The 
ideal line is positioned according to "end-point 
linearity" 
for 
OIA converter products from Harris Semiconductor, 
i.e. the line 
is drawn between the end-points 
of the actual transfer charac- 
teristic (codes 00...0 and 11... 1). 


DIFFERENTIAL 
NONLINEARITY 
- 
The difference between 
one lSB and the output 
voltage change corresponding 
to any 
two consecutive codes. A Oifferen~ial Nonlinearity of:t1 lSB or 
less guarantees monotonicity. 


MONOTONICITY - The property of a OIA converter's transfer 
function 
which guarantees 
that the output 
derivative will not 
change sign in response to a sequence 
of increasing (or de- 
creasing) input codes. 
That is, the only output 
response to a 
code change is to remain constant, 
increase for increasing code, 
or decrease for decreasing code. 


Settling time is the time required for the output 
to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 


GAIN 0 RIFT - The change in full scale analog output over the 
specified temperature 
range expressed 
in parts per million of 
full scale per"C (ppm of FSR/"C). Gain error is measured with 
respect 
to +25"C at high (TH) and low (Tl) 
temperatures. 


Gain drift 
is calculated 
for both high (TH -25°C) 
and low 
ranges (+25"C- TL) by dividing the gain error by the respective 
change in temperature. 
The specification 
is the larger of the 
two representing worst case drift. 


OFFSET ORIFT - The change in analog output 
with all bits 
OFF over the specified temperature 
range expressed 
in parts 
per million of full scale range per "C (ppm of FSR/"C). Offset 
error is measured with respect to +25"C at high (TH) and low 
(TL) temperatures. 
Offset 
Drift is calculated 
for 
both 
high 
(TH-25"C) 
and low (+25"C -h) ranges by 
dividing the 
offset 
error 
by 
the 
respective 
change 
in temperature. 
The 
specification 
given is the larger of the two, representing worst· 
case drift. 


Power Supply Sensitivity is a measure'of 
the change in gain and 
offset of the OIA converter resulting from a change in -15V, 
or +15V 
supplies. 
It is specified 
under 
DC conditions 
and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 


Compliance Voltage is the maximum output 
voltage range that 
can be tolerated 
and still maintain its specified accuracy. Com· 
pliance Limit implies functional 
operation 
only and makes no 
claims to accuracy. 


A glitch on the output of a OIA converter is a transient spike 
resulting from unequal internal ON-O FF switching times. Worst 
case glitches usually occur at half·scale or the major carry code 
transition 
from 011...1 to 100...0 or vice versa. For example, 
if turn ON is greater than turn 0 FF for 011...1 to 100...0, an 
intermediate 
state of 
000 ...0 
exists, such that, 
the output 
momentarily 
glitches toward 
zero output. 
Matched switching 
times 
and 
fast 
switching 
will reduce 
glitches 
considerably. 


(Calculated as the product of duration and am"plitude.) 
• 


UNIPOLAR 
AND BrpOLAR 
VOLTAGE 
OUTPUT 


CONNECTIONS 


BIPOLAR 
OFFSET 
ADJUST 


+15V 


~ 


100KH 
Y 
UNIPOLAR 
o 
RJ 
l20Kl! 
OFFSET 
'DOH 
6 
ADJUST 


-15V 


The 
HI-oAC 16B/C 
input 
reference 
resistor, 
bipolar offset 
resistor and span resistors are optimi2ed for excellent tracking 
over temperature. 
LASER trimming 
of the reference circuit 
resistors corrects the unipolar 
Gain and Offset errors to high 
accuracy. The remaining error can be adjusted with trimming 
potentiometers. 
The bipolar Gain and Offset errors are greater 
since the LASER correction is done in the unipolar mode, how- 
ever these 
too 
are· easily adjusted. 
Figure 1 illustrates 
the 
connections 
for 
unipolar 
and 
bipolar 
operation. 
Trimming 
potentiometers 
RI, R2, and R3 are required for adjustment. 


UNIPOLAR CALIBRATION 


Step 1: 
Offset 
• Turn all bits 0 FF lOO..O) 
• Adjust R3 for zero volts output 


Step 2: 
Gain 
• Turn all bits ON (11..1) 
• Adjust R2 for an output of FS-.1LSB 
That is, adjust for: 


9.999847 for +10V range 
4.999924 for +5V range 


BIPOLAR CALIBRATION 


Step 1: 
Offset 
Turn all bits 0 FF lOO..O) 
Adjust Rl for an output of 
-10V for ± 10V range 
-5V for ± 5V range 
-2.5V for ± 2.5V range 


Step 2: 
Gain 
Turn all bits ON (11..1) 
Adjust R2 for FS-1LSB output 
That is, adjust for: 


9.999695 for ± 10V range 
4.999847 for ± 5V range 
2.499924 for ± 2.5V range 


OUTPUT 
CONNECTIONS 


RANGE 
PIN5 PIN4 PIN9 PIN B 
to 
to 
to 
to 


UNIPOLAR Oto+l0V 
0 
A 
N.C. 
19 
MODE 
o to +5V 
0 
A 
PIN6 . 


BIPOLAR 
±10V 
C 
N.C. 
A 
19 
MODE 
±5V 
C 
A 
N.C. 
18 


.±2.5V 
C 
A 
6 . 


The HI-oACI6 
has two ground terminals, pin 12 
(REF GNo) 
and pin 40 (PWR GNol. 
These should not be tied together 
near the 
package unless that 
point is also the system signal 
ground to which all returns are connected. (If such a point exists, 
then separate paths are required to pins 12 and 40). 


The current through pin 12 is near-zero DC', but pin 40 carries 
up to 1.75mA of code - dependent current from bits I, 2, and 3. 
The general rule is to connect 
pin 12 directly to the system 
signal, or analog ground. 
Connect pin 40 to the local digital 
or power ground. Then, of course, a single path must connect 
the analog/signal and digital/power grounds. 


·Current 
cancellation 
is a two·step 
process 
in 
which 
code' 
dependent 
variations 
are 
eliminated, 
then 
the 
resulting 
0 C 


current 
is supplied 
internally. 
First. 
an auxiliary 
13·bit 
R·2R 
Ladder 
is driven 
by the 
complement 
of the 
OAC's 
input 
code. 
Together 
the 
main 
and 
auxiliary 
ladders 
draw 
a continuous 


3.25mA 
from 
the internal 
ground 
node, 
regardless 
of input 
code. 


Part 
of this 
0 C current 
is supplied 
by the 
zener 
voltage 
refer· 
ence, 
and 
the 
remainder 
is sourced 
from 
the 
positive 
supply 
via a current 
mirror 
which 
is laser 
trimmed 
for 
zero 
current 
throughthe 
external 
terminal 
(pin 12). 


Connections 
to 
pin 
6 
(lOUT) 
on 
the 
HI-OACI6 
are 
most 


critical 
for 
high 
speed 
performance. 
Output 
capacitance 
of the 


OAC 
is only 
10pF. 
so a small 
additional 
capacitance 
will alter 
the 
op amp's 
stability 
and 
affect 
settling 
time. 
Connections 
to 


pin 
6 should 
be 
short 
and 
few. 
Component 
leads 
should 
be 
short 
on the side connecting 
to pin 6. 


Power 
supply 
bypass 
capacitors 
on the 
op amp 
will serve 
the 
HI-OACI6 
also. 
If no op amp 
is used. 
a O.OllJF 
ceramic 
capa· 
citor 
from 
each 
supply 
terminal 
to 
pin 40 
is sufficient, 
since 
supply 
current 
variations 
are small. 


A consideration 
when 
using the OAC16 
is Temperature 
Stability. 
In applications 
where 
full scale shift 
could 
be a problem, 
the use 
of a heat 
sink 
and/or 
a cooling 
fan is suggested. 
This will de- 
crease 
the magnitude 
of the total variation 
by lowering 
the effec- 
tive thermal 
resistance 
between 
the package 
and its environment. 


The 
device 
should 
be kept 
in a stable 
isothermal 
environment, 
and 
a warm-up 
time 
consistent 
with 
accuracy 
requirements 


should 
be provided. 


The 
HI-OAC16 
is a high resolution, 
high accuracy 
OAC. 
Many 
applications 
will require 
an op-amp 
used as a current-to-voltage 
converter 
at the 
OAC output. 
(Careful 
consideration 
should 
be 
given the choice 
of this amplifier 
as a poor selection 
can serious- 
ly degrade 
the inherent 
qualities 
of the OAC,) 


The 
HA-5130 
is an excellent 
choice 
to maintain 
high accuracy 
with 
an average 
Offset 
Orift 
of only 
0.4 
jJ.V/oC 
leading 
to an 
error 
over temperature 
of 30 jJ.V (0.0003% 
FSR for a 10V FS). 


Initial 
offset 
and 
bias current 
are 10 jJ.V and 
3nA 
respectively. 
while 
input 
noise 
current 
of 
0.2pA/ 
J"HZ. 
Settling 
time 
is 


adequate 
for 
most 
audio 
applications. 
(11 
IJ.s typo to 0.1%1. 


It 
is desirable 
at 
times 
to 
have 
an 
output 
amplifier 
which 
combines 
the qualities 
of those 
op'amps 
available 
to the designer. 


For 
instance 
one 
may 
wish to combine 
the excellent 
front·end 
characteristics 
of the 
HA·5130 
with 
the speed 
of a device such 


as the 
HA·2540 
(tsettle 
=250ns 
to 
0.1%1. 
In these 
instances 
there 
is 
the 
option 
of 
the 
composite 
amplifier. 
The 
basic 


,configuration 
is shown 
in Figure 
2. 


The 
composite 
amplifier 
may 
be used to achieve 
a compromise 
depending 
on the 
requirements 
of a design. 
Trade'offs 
in per' 
formance 
can 
be 
made 
and 
the 
following 
equations 
apply: 


VOFF 
= 
VOFF2 
+ VOFFI 


AOI 


Vo 
VI = AV(S) 
= AV2(S) 
[1 + AV1(S)] 


Transistor 
Count 


Oie Size: 


Thermal 
Constants; 
8ja 


f) jc 


190 


215 x 125 mils 


410C/W 


110C/W 


Analog 
Ground 


Bipolar 
- 0 I 


Tie Substrate 
to: 


Process: 


• 


m HARRIS 


• DAC SOVAlternate 
Source 


• Monolithic 
Construction 


• Fast Settling 


• Guaranteed 
Monotonic 


• Wafer Laser Trimmed 


• Applications 
Resistors 
On-Chip 


• On-Board 
Reference 


• Dielectric 
Isolation 
(01) Process 


• ±12V Supply 
Operation 


Applications 


• High Speed AID Converters 


• Precision 
Instrumentation 


• CRT Display Generation 


HI-DAC80V 


12Bit, Low Cost, 
Monolithic 
Digital to Analog Converter~ 


BIT 10 


BIT 11 


(LSB) 
BIT 12 
12 


Description 


The HI-DAC80V is a monolithic .direct replacement for the 
popular DAC80 and AD DAC80. Single chip construction 
along 
with 
several 
design 
innovations 
make 
the 
HI-DAC80V the optimum choice for low cost, high reliability 
applications. 
Harris' 
unique 
Dielectric 
Isolation 
(DI) 
processing 
reduces 
internal 
parasitics 
resulting 
in fast 
switching 
times 
and 
minimum 
glitch. 
On 
board 
span 
resistors are provided for good tracking over temperature, 
and are laser trimmed to high accuracy. 


Internally 
the 
HI-DAC80V 
eliminates 
code 
dependent 
ground currents by routing current from the positive supply 
to 
the 
internal 
ground 
node, 
as 
determined 
by 
an 


auxiliary 
R-2R 
ladder. This results in a cancellation 
of 
code dependent ground 
currents allowing virtually zero 
variation 
in 
current 
through 
the 
package 
common, 
pin 21. 


The 
HI-DAC80V 
is 
available 
as 
a 
voltage 
output 
device 
which 
is 
guaranteed 
over the 
OOC to 
+750C 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient 
as well as an on 
board 
operational 
amplifier. 
The 
HI-DAC80V 
requires 
only two power supplies and will operate in the range of 
± (11.4V to 16.5V). 


Absolute 
Maximum Ratings 
(Note 
1) 


Power 
Supply 
Inputs 
+Vs 
•.••.••...•••••••••...•.....•. 
+20V 
-Vs 
•.•............•..•••...•...... 
-20V 
Reference: 
Input (Pin 16) ......•.......................... 
+VS 
Output 
Drain 
.....................••....•.•. 
2.5mA 


Digitallnpuls(Bits 
1 t012) 
..•............•.••.••.•• 
-1Vto+VS 


Max Junction 
Temperature 
.........••••••.•..•........ 
+ 1750C 
Operating 
Temperature 
Range 
.•..•.............. 
OOC to + 750C 


Storage 
Temperature 
Range 
.•..•....•....... 
-650C 
to +1500C 


HI-DAC80V-5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
- 
- 
12 
Bils 


DIGrTAlINPUT 
(Note 3) 


Logic 
Levels 
TIL 
Compatible 


Logic 
"1" 
At+1lJA 
+2 
- 
+5.5 
Volts 


Logic 
"0" 
At -100lJA 
0 
- 
+0.8 
Volts 


ACCURACY 
(Note 3) 


Linearity 
Error 
Full Temperature 
- 
±1/4 
±1/2 
LSB 


Differential 
Linearity Error 
Full Temperature 
- 
±1/2 
±3/4 
LSB 


Monotonicity 
Full Temperature 
Guaranteed 


Gain Error (Notes 
2, 4) 
Full Temperature 
- 
±0.1 
±0.3 
%FSR 


Offset 
Error (Note 
2) 
Full Temperature 
- 
±0.05 
±0.15 
%FSR 


DRIFT 
(Note 3) 


Total Bipolar 
Drift (Includes 
Gain, 
Full Temperature 
- 
- 
±20 
PPM{OC 
Offset 
and Linearity 
Drifts.) 


Total Error 
Full Temperature 


Unipolar 
(Note 6) 
- 
±0.08 
±0.15 
%FSR 


Bipolar 
(Note 
6) 
- 
±0.06 
±0.1 
%FSR 


Gain 
With Internal Reference 
- 
±15 
±30 
PPM{OC 


Without Internal Reference 
- 
±7 
- 
PPM{OC 


Unipolar 
Offset 
- 
±1 
±3 
PPM{OC 


Bipolar 
Offset 
- 
±5 
±10 
PPM{OC 


CONVERSION 
SPEED 


Setting 
Time (Note 
3) 
Full SCale Transition 
all Bils 


With 
10K Feedback 
ON to OFF or OFF to ON 
- 
3 
- 
~s 


With 5K Feedback 
to ±0.01 
% of FSR 
- 
1.5 
- 
~s 


For 1 LSB Change 
- 
1.5 
- 
~s 


Slew 
Rate 
10 
15 
- 
V/~s 
• 


HI-DAC80V-5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
OUTPUT 


Output 
Ranges 
- 
±2.5 
- 
V 
- 
±5 
- 
V 


- 
±10 
- 
V 


- 
Ot05 
- 
V 


- 
Ot010 
- 
V 


- 


Output 
current 
±5 
- 
- 
mA 


Output 
Resistance 
- 
0.05 
- 
n 


Short Circuit Duration 
To Common 
Continuous 


INTERNAL 
REFERENCE 


Output 
Voltage 
6.250 
+6.3 
6.350 
V 


Output 
Impedence 
- 
1.5 
- 
n 


External 
Current 
- 
- 
+2.5 
mA 


Tempco 
01 Drift 
- 
5 
- 
PPM!OC 


POWER 
SUPPLY 
SENSITIVITY 
(Note 3, 5) 


+15VSupply 
- 
0.001 
0.002 
%FSR 
-- 
-15VSupply 
, 
- 
0.001 
0.002 
%VS 


POWER 
SUPPLY 
REQUIREMENTS 
(Note 5) 


Voltage 
Range 


+VS 
Full Temperature 
+11.4 
+15 
+16.5 
V 


-VS 
Full Temperature 
-11.4 
-15 
-16.5 
V 


Current 


+IS 
Full Temperature 
VS=±15V 
- 
+12 
+15 
mA 


-IS 
Full Temperature 
VS=±15V 
- 
-15 
-20 
mA 


NOTES: 
1. Absolute 
maximum 
ratings 
are 
limiting 
values 
applied 
individually, 
beyond 
which 
the 


serviceability 
of 
the 
circuit 
may 
be 
impaired. 
Functional 
operation 
under 
any 
of 
these 


conditions 
is nol 
necessarily 
implied. 


4. 
FSR 
is "full scale 
range" 
and 
is 20V 
for 
±1QV 
range. 
10V 
for 
±5V 
range, 
etc. 


5. 
The 
HI-DAC80V 
will operate 
with 
supply 
voltages 
as low as ±11.4\f, 
It is recommended 
that 


output 
voltage 
range 
-10V 
to +10V 
nol be used 
if the supply voltages are less than 
±12.5V. 


Definitions 
of Specifications 


Digital 
Inputs 


The HI-DAC80V 
accepts digital input codes in complemen- 
tary binary, complementary offset binary, and complementary 
two's complement 
binary. 


ANALOG 
OUTPUT 


COMPLE- 
COMPLE- 
COMPLE- 
MENTARY 
MENTARY 
MENTARY 
DIGITAL 
STRAIGHT 
OFFSET 
TWO'S 
INPUT 
BINARY 
BiNARY 
COMPLEMENT* 


MSB ...LSB 
000 ...000 
+Full SCale 
+FullScale 
-LSB 
100 ...000 
Mid Scale-1 
LSB 
-1 LSB 
+FuliScale 
111...111 
Zero 
-Full 
Scale 
Zero 
011...111 
+1/2 Full Scale 
Zero 
-Full 
Scale 


Settling 
Time 


That interval between application 
of a digital step input, and 
final entry of the analog output within a specified 
window 
about 
the 
settled 
value. 
Harris 
Semiconductor 
usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window 
of ±1/2 
LSB about the final value. The device output is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. In a 12 bit system ±1/2 LSB = ±0.012% of FSR. 


Thermal 
Drift 


Thermal drift is based on measurements 
at +250C, at high 
(TH) and low (TL) temperatures. 
Drift calculations 
are made 
for the high (TH-250C) 
and low (+250C-TLl 
ranges, and 
the larger 
of the two 
values 
is given 
as a specification 
representing 
worst case drift. 


Gain Drift, Offset 
Drift, Reference 
Drift and Total Bipolar 
Drift are calculated 
in parts per million per 0c as follows: 


Gain Drift = 
t;. FSR/t;.°C 
x 106 


FSR 


Offset Drift = 
t;. OffseVAOC 
x 106 


FSR 


Reference Drift = 
A VREF/AOC 
x 106 


VREF 


Total Bipolar Drift = 
Vo/AOC 
x 106 
FSR 


A FSR = FSR (TH) - FSR (+250C) 
or FSR (+250C) 
- FSR (TL) 
Vo = Steady-state 
response to any input code. 


Total Bipolar 
Drift is the variation 
of output 
voltage 
with 
temperature, 
in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 


Vollage. Total Bipolar Drift values are calculated, 
based on 
measurements 
as explained 
above. Gain and Offset need 
not be calibrated to zero at +250C. The specified 
limits for 
TBD apply for any input code and for any power supply 
setting within the specified operating 
range. 


Accuracy 


LINEARITY 
ERROR 
(Short for 
"Integral 
Linearity 
Error." 


Also, 
sometimes 
called 
"Integral 
Nonlinearity" 
and 


"Nonlinearity".)- 
The 
maximum 
deviation 
of 
the 
actual 
transfer characteristic 
from an ideal straight line. The ideal 
line Is positioned 
according 
to end-point 
linearity for DIA 
converter products 
from Harris Semiconductor, 
I.e. the line 
is drawn 
between 
the end-points 
of the actual 
transfer 
characteristic 
(codes 00 ...0 and 11...1). 


DIFFERENTIAL 
LINEARITY ERROR - The difference 
be- 
tween one LSB and the output voltage change corresponding 
to any two consecutive 
codes. A Differential Nonlinearity of 
±1 LSB or less guarantees 
monotonicity. 


MONOTONICITY - The properly of a DIA converter's transfer 
function which guarantees that the output derivative will not 
change sign in response 
to a sequence 
of increasing 
(or 
decreasing) 
input codes. That is, the only output response 
to a code 
change 
is to 
remain 
constant, 
increase 
for 
increasing code, or decrease for decreasing 
code. 


TOTAL ERROR - The net output 
error 
resulting 
from all 
internal effects (primarily 
non-ideal 
Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors 
must 
be calibrated 
to 
zero 
at +250C. 
Then the 


'specified 
limits for Total Error apply for any input code and 
for any temperature 
within the specified operating 
range. 


Power 
Supply 
Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the DIA converter resulting from a change in 
-VS, or +VS supplies. 
It is specified 
under DC conditions 
and 
expressed 
as full 
scale 
range 
percent 
of 
change 
divided by power supply percent change. 


A Full Scale Range x 100 


P.S.S. = Full Scale Range (Nominal) 


A Vs x 100 


Vs (Nominal) 


Glitch 


A glitch on the output of a DIA converter is a transient spike 
resulting 
from unequal 
internal ON-OFF 
switching 
times. 


Worst case glitches usually occur at half-scale 
I.e. the major 
carry code transition 
from 011...1 to 100...0 or vice versa. 
For example, if turn ON is greater than OFF for 011...1 to 
100...0, an intermediate state of 000 ...0 exists, such that, the 
output 
momentarily 
glitches 
toward 
zero output. 
Matched 
switching times and fast switching 
will reduce glitches con- 
siderably. 
(Measured 
as one half the Product 
of duration 
and amplitude.) 


• 


Decoupling 
and Grounding 


For best accuracy 
and high frequency 
performance, the 
grounding 
and 
decoupling 
scheme 
shown 
in figure 
1 
should 
be 
used. 
Decoupling 
capacitors 
should 
be 
connected 
close 
to the 
HI-DAC80V 
(preferably 
to the 
device 
pins) 
and 
should 
be 
tantalum 
or 
electrolytic 
bypassed with ceramic types for best high frequency noise 
rejection. 


Reference 
Supply 


An internal 6.3 Volt reference is provided on board the 
HI-DAC80V. The voltage (pin 24) is accurate to ±O.8% and 
must be connected 
to the reference input 
(pin 
16) for 
specified operation. This reference may be used externally, 
provided 
current 
drain is limited to 2.5mA. An external 
buffer amplifier is recommended 
if this reference is to be 
used to drive other system components. Otherwise, varia- 
tions in the load driven by the reference will result in gain 
variations of the HI-DAC80V. All gain adjustments should 
be made under constant load conditions. 


Output 
Voltage 
Ranges 


HI-DAC80V 


CONNECT 


PIN 
PIN 
PIN 
RANGE 
15 
17 
19 


Unipolar 
Oto+5V 
18 
N.C. 
20 
Oto+10V 
18 
N.C. 
N.C. 


Bipolar 
±2.5V 
18 
20 
20 
±5V 
18 
20 
N.C. 


±10V 
19 
20 
15 


UNIPOLAR 
CALIBRATION 


Step 1: 
Offset 
Turn all bits OFF (11...1) 
Adjust 
R2 for zero volts out 


Step 2: 
Gain 
Turn all bits ON (00 ...0) 
AdjustR1 
for FS-1LSB 
That is: 


4.9988 
for 0 to +5V range 
9.9976 
for 0 to + 10V range 


BIPOLAR 
CALIBRATION 


Step 1: 
Offset 
Turn all bitsOFF(11 
...1) 
Adjust 
R2 for Negative 
FS 
That is: 
-10Vlor 
±10V range 
-5V for ±5V range 
-2.5V 
for ±2.5 
range 


Step 2: 
Gain 
Turn all bits ON (00 ...0) 
Adjust 
R1 for positive 
FS-1 LSB 
That is: 


+9.9951Vfor±10V 
range 


+4.9976V 
for ±5V range 
+2.4988V 
for ±2.5V 
range 


This Bipolar procedure 
adjusts the output range end points. The 


maximum 
error at zero (half scale) 
will not exceed 
the Linearity 


error. See the "Accuracy" 
specifications. 


Transistor 
Count 
214 
OieSize 
......•....•..........•......... 
108 x 163 mils 
Thermal 
Impedance; 


:J~:::::::::::::::::::::::::::::::::::::::::~~~g~ 
Tie Substrate 
to: 
Ground 
Process 
Bipolar-Ol 


PART 
NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI1 
DACBOV-5 
OOClo+750C 
24 Pin Ceramic 
DIP 


HI3-DACBOV-5 
OOClo 
+750C 
24 Pin Plastic 
DIP 


NOTICE: 
Harris 
Semiconductor's 
products 
are sold 
by description 
only. 
Harris 
Semiconductor 
reserves 
the right 
to make 
changes 
in circuit 
design 
and/or 


specifications 
at any 
time 
without 
notice. 
Accordingly, 
the reader 
is cautioned 
to verify 
that data 
sheers 
afe current 
before 
placing 
orders. 


For maintenance 
of performance 
and 
reliability, 
Harris 
Semiconductor 
strongly 
recommends 
that 
the 
"I.C. 
Handling 
Procedures", 
located 
in Section 
1 of the 


current 
Analog 
Products 
Data 
Book, 
be followed 
closely 
by any activity 
involved 
with 
I.C. products. 
• 


• DAC 85V Alternate 
Source 


• Monolithic 
Construction 


• Fast Settling 


• Guaranteed 
Monotonic 


• Wafer laser 
Trimmed 


• Applications 
Resistors 
On-Chip 


• On-Board 
Reference 


• Dielectric 
Isolation 
(01) Process 


• ±12V Supply 
Operation 


Applications 


• High Speed AID 
Converters 


• Precision 
Instrumentation 


• CRT Display Generation 


HI-DAC85V 


12Bit, Low Cost, 
Monolithic 
Digital to Analog Converter 


HI1-DAC85V-4 
(PLASTIC 
DIP) 


TOP VIEW 


BIT 11 


(LSB) BIT 12 
12 


Description 


The HI-DAC85V is a monolithic direct replacement for the 
popular DAC85 and AD DAC85 as well as the HI-5685V. 
Single chip construction along with several design innova- 
tions make the HI-DAC85V the optimum choice for low 
cost, high reliability applications. Harris' unique Dielectric 
Isolation 
(DI) 
processing 
reduces 
internal 
parasitics 
resulting in fast switching times and minimum glitch. On 
board span resistors are provided for good tracking over 
temperature, and are laser trimmed to high accuracy. 


Internally 
the 
HI-DAC85V 
eliminates 
code 
dependent 
ground currents by routing current from the positive supply 
to 
the 
internal 
ground 
node, 
as 
determined 
by 
an 


auxiliary 
R-2R 
ladder. This results in a cancellation 
of 
code dependent ground 
currents allowing virtually zero 
variation 
in 
current 
through 
the 
package 
common, 
pin 21. 


The 
HI-DAC85V 
is 
available 
as 
a 
voltage 
output 
device which 
is guaranteed over the -250C 
to +850C 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient 
as well as an on 
board 
operational 
amplifier. 
The 
HI-DAC85V 
requires 
only two power supplies and will operate in the range of 
± (ll.4V 
to 16.5V). 


PowerSupplylnputs 
+VS 
..•.•....•........••.•••.•..•. 
+20V 


-VS 
...••...••........•••••••.•.... 
-20V 
Reference: 
Input (Pin 16) ••.••••.••••.•...•••••••••••••••• 
+VS 
Output 
Drain 
••••....•.•.....•.••••••..••... 
2.5mA 


Digitallnputs 
(Bits 1 to12) 
••••.•••••.••••••.....•.. 
-lVto+VS 


Max Junction 
Temperature 
••.•........•....•..•••.••.. 
+1750C 
Operating 
Temperature 
Range 
•.•••.•......... 
-250C 
to +850C 
Storage 
Temperature 
Range 
•••••...••.•••... 
-650C 
to +lSOoC 


HI-DAC85V-4 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
- 
- 
12 
Bits 


DIGITAL 
INPUT (Note 3) 


logic 
levels 
TIl 
Compatible 


Logic 
"1" 
At +1 I'!' 
+2 
- 
+5.5 
Volts 


Logic 
''0'' 
At-1001'!' 
0 
- 
+0.8 
Volts 


ACCURACY 
(Note 3) 


Integral 
Linearity 
Error 
At +250C 
- 
- 
:1:1/2 
LSB 


Full Temperature 
- 
:1:1/4 
:1:1/2 
LSB 


Differential 
Linearity Error 
Full Temperature 
- 
:1:1/4 
:1:1/2 
LSB 


Monotonicity 
Full Temperature 
Guaranteed 


Gain Error (Notes 
2, 4) 
Full Temperature: 
Ceramic 
DIP 
- 
:1:0.1 
:1:0.15 
%FSR 


Plastic 
DIP 
- 
:1:0.1 
:1:0.2 
%FSR 


Offset 
Error (Note 
2) 
Full Temperature 
- 
:1:0.05 
:1:0.1 
%FSR 


DRIFT 
(Note 3) 


Gain 
- 
- 
:1:20 
PPMfOC 


Unipolar 
Offset 
- 
:1:1 
:1:3 
PPMfOC 


Bipolar 
Offset 
- 
:1:5 
:1:10 
PPMfOC 


CONVERSION 
SPEED 


SelUng 
Time (Note 
3) 
to :1:0.01 % of FSR 


With 
10K Feedback 
Full Scale Transition 
all Bits 
- 
3 
- 
~s 


With 5K Feedback 
ON to OFF or OFF to ON 
- 
1.5 
- 
~s 


For 1 lSB 
Change 
- 
1.5 
- 
~s 


Slew Rate 
10 
15 
- 
V/~s • 


> 
~ 
Electrical Specifications 
(Continued) 
Unless 
Otherwise 
Specified, 
TA ~ +250C, 
Vs 
±12V 
to ±15V 
(Note 
5), Pin 16to 
Pin 24. 


~..l 
:c 


HI-DAC85V-4 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
OUTPUT 


Output 
Ranges 
- 
±2.5 
- 
V 
- 
±5 
- 
V 
- 
±10 
- 
V 
- 
0105 
- 
V 


- 
Ot010 
- 
V 


Output 
current 
±5 
- 
- 
mA 


Output 
Resistance 
- 
0.05 
- 
n 


Short 
Circuit 
Duration 
To Common 
Continuous 


INTERNAL 
REFERENCE 


Output 
Voltage 
6.250 
+6.3 
6.350 
V 


Outputlmpedence 
- 
1.5 
- 
n 


External 
Current 
- 
- 
+2.5 
mA 


Tempeo 
of Drift 
- 
5 
- 
PPM;oC 


POWER 
SUPPLY 
SENSITIVITY 
(Note 3, 5) 


+15VSupply 
- 
0.001 
0.002 
%FSR 
-- 
-15VSupply 
- 
0.001 
0.002 
%VS 


POWER 
SUPPLY 
REQUIREMENTS 
(Note 
5) 


Voltage 
Range 


+VS 
Full Temperature 
+11.4 
+15 
+16.5 
V 


-VS 
Full Temperature 
-11.4 
-15 
-16.5 
V 


Current 


+IS 
Full Temperature 
VS~±15V 
- 
+12 
+15 
mA 


-IS 
Full Temperature 
VS~±15V 
- 
-15 
-20 
mA 


NOTES: 
1. Absolute 
maximum 
ratings 
are 
limiting 
values 
applied 
individually, 
beyond 
which 
the 


serviceability 
of 
the 
circuit 
may 
be impaired. 
Functional 
operation 
under 
any 
of 
these 


conditions 
is not necessarily 
implied. 


4. FSR is "full scale range" and is 20V for ±10V range, lQV for ±5V range, etc. 


5. The HI-DAC8SV will operate with supplyvottages 
as low as ±11.4V," 
is recommended that 
output voltage range -10V to +1QV not be used if the supply voltages are less than ±12.5V. 


6. 
With 
Gain 
and Offset 
errors 
adjusted 
to zero 
at +250C. 


Definitions 
of Specifications 


Digital 
Inputs 


The HI-DAC85V 
accepts digital input codes in complemen- 
tary binary, complementary 
offset binary, and complementary 
two's complement 
binary. 


ANALOG 
OUTPUT 


COMPLE- 
COMPLE- 
COMPLE- 
MENTARY 
MENTARY 
MENTARY 
DIGITAL 
STRAIGHT 
OFFSET 
TWO'S 
INPUT 
BINARY 
BINARY 
COMPLEMENT' 


MSB ...LSE 
000 ...000 
+Full 
SCale 
+Full Scale 
-LSB 
100 ...000 
Mid Scale-1 
LSB 
-1 LSB 
+Full Scale 
111...111 
Zero 
-Full 
SCale 
Zero 
011 ...111 
+1/2 
Full Scale 
Zero 
-Full Scale 


Settling 
Time 


That interval between application 
of a digital step input, and 
final entry of the analog output within a specified 
window 
about 
the 
settled 
value. 
Harris 
Semiconductor 
usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window 
of ±1/2 
LSB about the final value. The device output is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. In a 12 bit system ±1/2 
LSB = ±0.012% of FSR. 


Thermal 
Drift 


Thermal drift is based on measurements 
at +250C, at high 
(TH) and low (TL) temperatures. 
Drift calculations 
are made 
for the high (TH-250C) 
and low (+250C-TL) 
ranges, and 
the larger 
of the two values 
is given 
as a specification 
representing 
worst case drift. 


Gain Drift, Offset 
Drift, Reference 
Drift and Total Bipolar 
Drift are calculated 
in parts per million per 0C as follows: 


Gain Drift = 
l;. FSR/l;.°C 
x 106 


FSR 


Offset Drift = 
l;. OffseVl;.°C 
x 106 


FSR 


Reference Drift = 
l;. VREF/l;.OC 
x 106 


VREF 


Total Bipolar Drift = 
VoIl;.°C 
x 106 


FSR 


l;. FSR = FSR (TH) - FSR (+250C) 
or FSR (+250C) 
- FSR (TL) 
Vo = Steady-state 
response to any input code. 


Total Bipolar 
Drift is the variation 
of output 
voltage 
with 
temperature, 
in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 


Voltage. Total Bipolar Drift values are calculated, 
based on 
measurements 
as explained 
above. Gain and Offset need 
not be calibrated to zero at +250C. 
The specified 
limits for 
TBD apply for any input code and for any power supply 
setting within the specified operating 
range. 


Accuracy 


LINEARITY 
ERROR 
(Short for 
"Integral 
Linearity 
Error." 


Also, 
sometimes 
called 
"Integral 
Nonlinearity" 
and 
"Nonlinearity".)- 
The 
maximum 
deviation 
of 
the 
actual 
transfer characteristic 
from an ideal straight line. The ideal 
line is positioned 
according 
to end-point 
linearity for D/A 
converter products from Harris Semiconductor, 
I.e. the line 
is drawn 
between 
the end-points 
of the actual 
transfer 
characteristic 
(codes 00 ...0 and 11...1). 


DIFFERENTIAL 
LINEARITY ERROR .. The difference 
be- 
tween one LSB and the output voltage change corresponding 
to any two consecutive 
codes. A Differential Nonlinearity of 
±1 LSB or less guarantees monotonicity. 


MONOTONICITY - The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response 
to a sequence 
of increasing 
(or 
decreasing) 
input codes. That is, the only output response 
to 
a code 
change 
is to 
remain 
constant, 
increase 
for 
increasing code, or decrease for decreasing 
code. 


TOTAL ERROR - The net output 
error 
resulting 
from all 
internal effects (primarily 
non-ideal 
Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors 
must 
be calibrated 
to zero 
at +250C. 
Then the 
specified limits for Total Error apply for any input code and 
for any temperature 
within the specified operating 
range. 


Power 
Supply 
Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-VS, or +VS supplies. 
It is specified 
under DC conditions 
and 
expressed 
as full 
scale 
range 
percent 
of 
change 
divided by power supply percent change. 


l;. Full Scale Range x 100 


P.S.S. = Full Scale Range (Nominal) 


l;. Vs x 100 


Vs (Nominal) 


Glitch 


A glitch on the output of a D/A converter is a transient spike 
resulting 
from unequal 
internal ON-OFF 
switching 
times. 


Worst case glitches usually occur at half-scale 
I.e. the major 
carry code transition 
from 011...1 to 100...0 or vice versa. 


For example, if turn ON is greater than OFF for 011...1 to 
100...0, an intermediate state of 000 ...0 exists, such that, the 
output momentarily 
glitches 
toward 
zero output. 
Matched 
switching times and fast switching 
will reduce glitches con- 
siderably. 
(Measured 
as one half the Product 
of duration 
and amplitude.) 


• 


Decoupllng 
and Grounding 


For best accuracy 
and high frequency 
performance, the 
grounding 
and 
decoupling 
scheme 
shown 
in figure 
1 
should 
be 
used. 
Decoupling 
capacitors 
should 
be 
connected 
close 
to the 
HI-DAC85V 
(preferably 
to the 
device 
pins) 
and 
should 
be 
tantalum 
or 
electrolytic 
bypassed with ceramic types for best high frequency noise 
rejection. 


14 
zz 
11 --.., 
" 


I 


24 
--~ 
I 
I 


20 
I 
--~ 
I 
I 
I, 
-- " 
" 


Reference 
Supply 


An internal 6.3 Volt reference is provided 
on board the 
HI-DAC85Y. The voltage (pin 24) is accurate to ±O.8% and 
must be connected 
to the reference input 
(pin 
16) for 
specified operation. This reference may be used externally, 
provided 
current 
drain is limited to 2.5mA. An external 
buffer amplifier is recommended if this reference is to be 
used to drive other system components. Otherwise, varia- 
tions in the load driven by the reference will result in gain 
variations of the HI-DAC85V. All gain adjustments should 
be made under constant load conditions. 


Output 
Voltage 
Ranges 


HI-DAC85V 


CONNECT 


PIN 
PIN 
PIN 
RANGE 
15 
17 
19 


Unipolar 
Oto+5V 
18 
N.C. 
20 
Oto+10V 
18 
N.C. 
N.C. 


Bipolar 
±2.5V 
18 
20 
20 
±5V 
18 
20 
N.C. 


±10V 
19 
20 
15 


UNIPOLAR 
CALIBRATION 


Step I: 
Offset 
Tum all bitsOFF(11 
...1) 
Adjust 
R2 for zero volts out 


Step 2: 
Gain 
Tum all bits ON (00 ...0) 
Adjust Rl for FS-l 
LSB 
That is: 
4.9988 
for 0 to +5V range 
9.9976 
for 0 to +10V range 


BIPOLAR 
CALIBRATION 


Step I: 
Offset 
Tum all bits OFF (11..•1) 
Adjust 
R2 for Negafive 
FS 
That is: 


-10V for ±10V range 
-5V for ±5V range 
-2.5V 
for ±2.5 
range 


Step 2: 
Gain 
Tum all bits ON (00 ...0) 
Adjust R1 for positive 
FS-1LSB 
That is: 


+9.9951 V for ±10V 
range 
+4.9976V 
for ±5V range 
+2.4988V 
for ±2.5V 
range 


This Bipolar procedure 
adjusts the output range end points. The 
maximum 
error at zero (half scale) will not exceed 
the Linearity 
error. See the "Accuracy" 
specifications. 


Transistor 
Count 
214 
Die Size .........................•...... 
108 x 163 mils 
Thermal 
Impedance; 
~l~: 
::::::::::::::::::::::::::::::::::::::::~~~g~ 
Tie Substrate 
to: 
.................•............ 
Ground 
Process 
.........................•.•.•...... 
Bipolar-DI 


Part Number 
Temperature 
Range 
Package 


HI1-DAC85V-4 
-250C 
to +850C 
24-Pln 
Plastic DIP 


HI3-DAC85V-4 
-250C 
to +850C 
24-Pln 
Plastic DIP 


HI3-DAC85V-9 
-400C 
to +850C 
24-Pln 
Plastic DIP 


NOTES: 
The 
HI-DAC85V 
are 
now 
available 
in plastic 
DIP 
packages. 


The 
ceramic 
DIP 
package 
will be discontinued 
in the future 
and 
is 


not recommended 
for new 
designs. 


Below 
is the ordering 
information 
for plasftc 
packages. 


• 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The ICL7121 achieves 0.003% 
linearity without laser trim- 


ming by combining 
a four quadrant 
multiplying 
DAC using 


thin film resistors 
with an on-chip 
PROM-controlled 
correc- 
tion 
circuit. 
Silicon-gate 
CMOS 
circuitry 
keeps 
the 
power 
dissipation 
very low. 


Microprocessor 
bus interfacing 
is eased 
using standard 


memory 
WRite 
cycle 
timing 
and control. 
The input buffer 


register is loaded with the 16-bit input and directly controls 
the output 
switches. 
The register 
is transparent 
if WR and 


CS are held low. 


The 
ICL7121 
is 
designed 
and 
programmed 
for 
bipolar 


operation. 
There is an offset 
resistor 
to the output 
which 
should 


be connected 
to -VREF 
and an inverter 
on the MSB 
line, giving 
the DAC a 2'5 complement 
bipolar 
transfer 
function. 
Two extra 


resistors 
are included 
on the chip 
to facilitate 
the reference 
in- 


version, 
so that only 
an external 
op amp 
is needed. 


ICL7121 
16-Bit Multiplying 
Microprocessor-Compatible 
D/A 
Converter 


FEATURES 


• 16-Bit 
Resolution 


• Low 
Integral 
Linearity 
Error-<l.003% 
FSR 


• Monotonic 
to 16 Bits Over 
Full Military 
Temperature 
Range 
(LM Grade) 


• Microprocessor 
Compatible 
with 
Buffered 
Inputs 


• Bipolar 
Application 
Requires 
No External 
Resistors 


• Output 
Current 
Settling 
Time 
3 /-'S Max (1 /-,S Typ) 


• Low 
Linearity 
and Gain Temperature 
Coefficients 


• Low 
Power 
Dissipation 
(25 mW) 


• Full Four·Quadrant 
Multiplication 


• Low 
Differential 
Nonlinearity 
Error 
at Bipolar 
Zero 


Part Number 
Temperature 
Range 
Package 
Monotonicity 


ICL7121JCJI 
O°Cto +70°C 
28-Pin CERDIP 
14 Bits 
ICL7121JMJI 
- 55°C to + 125°C 
28-Pin CERDIP 


ICL7121 KCJI 
O°Cto +70°C 
28-Pin CERDIP 
15 Bits 
ICL7121 KMJI 
- 55°C to + 125·C 
28-Pin CERDIP 


ICL7121 LCJI 
O°Cto + 70°C 
28-Pin CERDIP 
16 Bits 
ICL7121LMJI 
- 55°C to + 125·C 
28-Pin CERDIP 


VREF 
RlNV 
ROFS 
R'B 


R.4.2kfl 
R 
R 
2R 
2R 


2R 
2R 
2R 
2R 
2R 
2R 
2R 
2R 


s,. 
s" 
514---54 
5, 
5, 
s, 


loUT 


AGNOs 


AGNOr 


C·DAC 


DECODE 
PROM 
---------<> 
PROG 


HARRIS 
SEMICONOUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE, 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 1) 


Supply Voltage 
V+ 
to DGND 
-0.3V 
to 7.5V 


VREf, 
ROfS, RINV,RfB 
to DGND 
±25V 


Current 
in AGNDf, 
AGNDS 
25 mA 


DN, WR, CS, PROG, 
lOUT, 


AGNDp, 
AGNDS'" 
............•. 
-0.3V 
to (V+ 
+ 0.3V) 


Operating 
Temperature 
ICL7121C 
O·C to + 70·C 
ICL7121M 
-55·Cto 
+ 125·C 


Storage 
Temperature 
-65·C 
to + 150·C 


Power Dissipation 
(Note 2) 
500 mW 
derate 
above 
70·C 
@ 10 mW rc 


Lead Temperature 
(soldering, 
10 see) 
300·C 


NOTB'1: An voltages. with respect 10 DGND. 
2: Assumes 
alL.teads soldered 
or welded 
to printed circuit board. 


NOTE: 
Stresses 
above 
those 
listed 
uDder 
"AbsohJJe Maximum 
Ratings" 


may cause permanent 
damage 
to the device. 
These are str.ess ratings only 
and functional opera/ion of the device at these or any other 
COnriiNOf7S 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions for extended pen'- 


ods may affect device reliability. 
Figure 2: Pin Configuration 
(Outline Dwg. JI) 


ELECTRICAL 
CHARACTERISTICS 
v+ 
= 
+5V, 
VREf = 
+5V, 
TA = 
+ 25·C, AGND 
= DGND, 
lOUT at ground 
potential, 
unless 
otherwise 
specified 


Parameter 
Limits 
Test Conditions/Comments 
Units 
Min 
Typ 
Max 


DC ACCURACY 


Resolution 
16 
Bits 


Monotonicity 
Guaranteed 
by DLE Test 
J 
14 
(Note 3) 
K 
15 
Bits 


L 
16 
. 


Differential 
Linearity 
Error 
TA = +25·C 
J, K 
±1 
at Bipolar 
Zero 
L 
±% 
LSB 
Operating 
Temperature 
Range 
J, K 
±1% 


L 
±1 


Differential 
Linearity 
Error 
TA = +25·C 
J 
±0.006 
DLE 
K 
±0.003 


L 
+0.003 
-0.0015 


Operating 
Temperature 
Range 
J, KC 
±0.006 
%FSR 


LC,KM 
+0.0045 
-0.003 


LM 
+0.0045 
-0.0015 


Integral 
Linearity 
Error 
TA = +25·C 
J 
±0.003 
±0.006 
ILE 
K,L 
±0.0015 
±0.003 


Operating 
Temperature 
Range 
J 
±0.006 
±0.009 
%FSR 


K, LM 
±0.003 
±0.006 


LC 
±0.0015 
±0.003 


Integral 
Linearity 
Error 
J 
±0.3 
±1.2 
ppmrC 
Temperature 
Coefficient 
K,L 
±0.2 
±0.9 


• 


Parameter 
Test Conditions/Comments 
I 
Limits 
Units 
I 
Min 
Typ 
I 
Max 


DC ACCURACY 
(Continued) 


Unadjusted 
Gain Error 
TA = +25'C 
J 
±0.004 
±0.012 


K 
±0.003 
±0.009 
%FSR 


L 
±0.002 
±0.006 


Operating 
Temperature 
Range 
J 
±0.02 
+0.04 


K,L 
±0.01 
±0.02 


Unadjusted 
Gain Error 
(Note 4) 
J 
± 1.0 
±5.2 
ppmrC 
Temperature 
Coefficient 
K, L 
±0.5 
±2.0 


Unadjusted 
Output Offset 
DAC Register 
Outputs 
All LOW, (Note 6) 
±4 
±15 
mV 


Output 
Offset Temperature 
Drift 
Same Conditions 
as Above, 
(Note 4) 
±5 
JJ.vrc 


ACACCURACY 


Power Supply Rejection 
/1V+ = 5V ±10%, 
TA = +25'C 
±30 
±100 
ppmlV 
Operating 
Temperature 
Range 
±50 
±150 


Output 
Current 
SeUling Time 
To % LSB, (Note 4) 
1.8 
3 
JJ.s 


REFERENCE 
INPUT 


Input Resistance 
lOUT at Ground 
I 
3 
4.2 
I 
6 
kfi 


ANALOG 
OUTPUT 


Output Capacitance 
DAC Register 
Outputs 
All LOW 
I 
150 
I 
pF 
(lOUT Terminal) 
DAC Register 
Outputs 
All HIGH 
I 
300 
I 


DIGITAL 
INPUTS 


LOW State Threshold 
Operating 
Temperature 
Range 
0.8 
V 
HIGH State Threshold 
2.4 


Input Current 
Inputs between 
DGND to V+ 
±0.001 
±1 
JJ.A 


Input Capacitance 
(Note 4) 
15 
pF 


POWER 
SUPPLY 


Supply Voltage 
Range- 
Functional 
Operation, 
(Note 5) 
4.5 
5.5 
V 


Supply Current 
TA = +25'C 
0.6 
1.5 
(Excluding 
Ladder 
Network) 
Digital Inputs HIGH or LOW 
mA 
Operating 
Temperature 
Range 
1.0 
2.5 
Digital Inputs HIGH or LOW 


NOTES 
3: 
Military 
temperature 
range 
parts 
are 
also 
tested 
to stated 
limits 
at 
- 
5S"C 
and + 12S"C. 


4: 
Guaranteed 
by characterization 
but 
not tested 
on a production 
basis. 


5: Guaranteed by PSRA test. 


6: 
Refer 
to Figure 
4. 
Measured 
at output 
of amplifier 
A1 
(A1 
having 
zero 
offset). 
VREF 
= 
+SV. 
Adjustable 
to zero 
with 
external 
potentiometer. 


Symbol 
Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


tews 
Chip Select-WRite 
Set-Up Time 
0 


teWh 
Chip Select-WRite 
Hold Time 
0 


twR 
WRite 
Pulse Width 
Low 
200 
ns 


tows 
Data-WRite 
Set-Up Time 
200 


tewh 
Data-WRite 
Hold Time 
0 


cs ~-IC-W-.-=--=-------IW-R-----------:=@ 


Pin 
Name 
Description 


1 
DO 
Least Significant 
Bit 
2 
01 
3 
D2 
4 
D3 
5 
D4 
Input 
6 
05 
7 
06 
Data 
8 
07 
9 
De 
Bits 
10 
09 
11 
010 
(HIGH 
= True) 
12 
011 
13 
012 
14 
013 
15 
014 
16 
015 
Most Significant 
Bit 
17 
PROG 
Used for programming 
only. Tie to + 5V for 
normal 
operation. 
18 
VREF 
VREF input to ladder. 
19 
RINV 
Summing 
node for inverting 
amplifier. 


20 
ROFS 
Bipolar offset 
resistor, 
to - VREF. 
21 
RFB 
Feedback 
resistor 
for voltage 
output 
applications. 
22 
OGNO 
Digital Ground 
return. 
23 
AGNOF 
Analog 
Ground 
Force Line. Used to carry 
current 
from internal 
Analog 
GrouND 
connections. 
24 
AGNOs 
Analog 
Ground 
Sense line. Reference 
point 
for external 
circuitry. 
Pin should 
carry minimal 
current. 


25 
lOUT 
Current 
output 
pin. 
26 
V+ 
Positive 
supply voltage. 
27 
CS 
Chip Select. 
Active 
low. Enables 
writing to 


register. 
28 
WR 
WRite input. Active 
low. Writes 
into register. 


Equivalent 
to CS. 


DEFINITION OF TERMS 


INTEGRAL 
LINEARITY 
ERROR: 
Error contributed 
by devi- 
ation of the OAC transfer 
function 
from a "best 
straight 
line" 
through 
the 
actual 
plot 
of transfer 
function. 
Normally 
ex- 
pressed 
as 
a 
percentage 
of 
full 
scale 
range 
or 
in 
(sub)multiples 
of 1 LSB. 


DIFFERENTIAL 
LINEARITY 
ERROR: 
The 
difference 
be- 


tween 
ideal 
and 
actual 
value 
of the 
analog 
output 
"step 
size" for any two adjacent 
digital input code. The ideal "step 
size" 
is equal to 2-n 
of full scale for an n-bit OAC or 1 LSB. 
It is expressed 
in (sub)multiples 
of 1 LSB. 


RESOLUTION: 
It is addressing 
the smallest 
distinct 
analog 
output 
change 
that a Of A converter 
can produce. 
It is com- 
monly 
expressed 
as the 
number 
of converter 
bits. 
A con- 
verter 
with resolution 
'Of n bits can resolve 
output 
changes 


of 2-n 
of the fUll-scale 
range, e.g., 2-n 
VREF for a unipolar 
conversion. 
Resolution 
by no means 
implies 
linearity. 


SETTLING 
TIME: Time required 
for the output 
of a OAC to 
settle 
to within 
a specified 
error band around 
its final value 
(e.g., % LSB) for a given digital 
input change, 
i.e., all digital 
inputs 
LOW to HIGH and HIGH to LOW. 


GAIN 
ERROR: 
The difference 
between 
actual 
and ideal an- 
alog output values 
at full-scale 
range, i.e., all digital inputs at 
HIGH 
state. 
It is expressed 
as a percentage 
of full-scale 
range 
or in (sub)multiples 
of 1 LSB. 


OUTPUT 
CAPACITANCE: 
Capacitance 
from 
lOUT terminal 
to ground. 


DETAILED DESCRIPTION 


The 
ICL7121 
consists 
of a 16-bit 
primary 
OAC, 
PROM 
controlled 
correction 
OACs, 
input 
buffer 
registers, 
and 
mi- 
croprocessor 
interface 
logic. 
The 
16-bit 
primary 
OAC is an 
R-2R 
thin 
film 
resistor 
ladder 
with 
N-channel 
MaS 
SPOT 
current 
steering 
switches. 
Precise 
balancing 
of the 
switch 
resistances 
and 
all other 
resistors 
in the 
ladder 
results 
in 
excellent 
temperature 
stability. 


The 
low 
linearity 
error 
is acheived 
by 
programming 
a 
floating 
polysilicon 
gate PROM array which 
controls 
a 12-bit 
correction 
DAC 
(C-OAC). 
The 
most 
significant 
bits 
of the 
primary 
DAC 
register 
address 
this 
PROM 
array. 
Thus 
for 


every 
combination 
of the 
primary 
OAC's 
most 
significant 


bits a different 
C-OAC code 
is selected, 
allowing 
correction 
of superposition 
errors. These 
errors are caused 
by bit inter- 
action 
on the primary 
ladder's 
current 
bus and by voltage 
non-linearity 
in the feedback 
resistor. 
Superposition 
errors 


cannot 
be corrected 
by any method 
that corrects 
individual 
bits only, such as laser trimming. 


The onboard 
PROM also contr@ls the 6-bit gain OAC. The 


G-OAC 
reduces 
gain error to less than 0.006% 
FSR by di- 
verting 
to analog 
ground 
up to 2% of the current 
flowing 
in 
RFB· 
Since the PROM 
programming 
occurs 
in packaged 
form, 


it corrects 
for resistor 
shifts caused 
by the thermal 
stresses 
of 
packaging, 
unlike 
wafer-level 
trimming 
methods. 
Also, 


since 
the 
thin 
film 
resistors 
do 
not 
suffer 
laser 
trimming 
stresses, 
no degradation 
of time-stability 
results. 


• 


.•. 
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•••• 
~ 
APPLICATIONS 
Bipolar Operation 


The 
circuit 
diagram 
for the normal 
configuration 
of the 
ICL7121 
is shown 
in Figure 4. The 
positive 
and negative 
reference 
voltages 
allow 
full four-quadrant 
multiplication. 
Amplifier 
A3' together 
with the internal 
resistors 
RINV1 and 
RINV2, forms 
a simple 
voltage 
inverter 
circuit to generate 


- VREF for the ROFS offset input pin. This will give the nomi- 
nal "digital 
input codelanalog 
output value" 
relationship 
of 
Table 2. Note that the value of RFB is equal to 2R so full 
scale range is 2VREF. 


The 
offset 
binary 
transfer 
function 
can 
be 
achieved 
simply 
by inverting 
the MSB. Inversion 
of the MSB can be 
done by an inverter or may be done in software. 


Digital 
Input 
Analog Output 


MSB 
LSB 
0111 
1111 
1111 
1111 
-VREF 
(1 - 
1/215) 
0111 
1111 
1111 
1110 
-VREF 
(1 - 
1/214) 
0000 
0000 
0000 
0001 
- VREF (1/215) 
0000 
0000 
0000 
0000 
a 
1111 
1111 
1111 
1111 
+ VREF (1/215) 
1000 
0000 
0000 
0010 
+VREF(1 
- 
1/214) 
1000 
0000 
0000 
0001 
+VREF (1 - 
1/215) 
1000 
0000 
0000 
0000 
+VREF 


Amplifier A1 is the output amplifier. An additional 
amplifier 
A2 may be used to force 
AGNDF 
if the ground 
reference 
point is established 
elsewhere 
than at the DAC, as in Figure 
5. 


I 
I 


DATA 
I 
INPUTS 
I 
I 
I 
I 


~~~Bl 


Do(lSB} 


+5V 
17 
PROG 
csWR 


j27 
21 


Figure 5: Bipolar Operation with Forced Ground 


A feedback 
compensation 
capacitor, 
CF, improves 
the 
settling 
time by reducing 
ringing. 
This capacitor 
is normally 
in the 
10 pF -40 
pF range, 
depending 
on layout 
and 
the 
output 
amplifier 
selected. 
If CF is too small, ringing 
or oscil- 
lation 
can 
occur 
when 
using 
an op amp 
with 
a high gain- 
bandwidth. 
If CF is too 
large, 
the 
response 
of the 
output 
amplifier 
will be overdamped 
and will settle 
slowly. 


The input 
circuits 
of some 
high speed 
op amps 
will sink 
large currents 
to their negative 
supply 
during 
power 
up and 
power 
down. 
The Schottky 
diode 
at lOUT limits 
any nega- 
tive-going 
transitions 
to less than 
~0.4V, 
avoiding 
the SCR 
latchup 
which 
could 
result if significant 
current 
was injected 
into 
the 
parasitic 
diode 
between 
lOUT and 
DGND 
of the 
ICL7121. 
This diode is not needed 
when 
using the ICL7650 
ultra low Vas 
op amp. 
Digital Interface 


The ICL7121 
has a 16-bit latch onboard 
and can interface 
directly 
to a 16-bit data bus. As shown 
in Figure 6, external 
latches 
or peripheral 
ICs can be used to interface 
to an 8-bit 
data bus. To ensure 
that the data is written 
into the onboard 
latch, the data must be valid 200 ns before 
the rising edge 
of WR. 
If WR 
and 
CS are both 
low, the 
on board 
latch 
is 
transparent 
and the input data 
is directly 
applied 
to the in- 
ternal 
R-2R ladder switches. 
While this simplifies 
interfacing 
in non-microprocessor 
systems, 
having WR low before 
data 
is valid may cause 
additional 
glitches 
in some 
microproces- 
sor systems. 
To avoid these 
glitches, 
data must be valid at 
the time WR goes low. 


CHIP 
SELECT 
LOGIC 


All digital 
interfaces 
can 
suffer 
from 
capacitive 
coupling 
between 
the digital 
lines and the analog 
section. 
There 
are 
two general 
precautions 
that will reduce 
this capacitive 
cou- 
pling 
problem: 
1) reduce 
stray capacitance 
between 
digital 
lines 
and analog 
lines; 
and 2) reduce 
the 
number 
of tran- 
sitions 
on the digital inputs. Careful 
board 
layout and shield- 
ing can minimize 
the capacitive 
coupling 
(see Figure 8). The 
activity 
on the digital 
input 
lines 
can 
be reduced 
by using 
external 
latches 
or peripheral 
interface 
ICs between 
the mi- 
croprocessor 
bus 
and 
the 
ICL7121. 
This 
will 
reduce 
the 
number 
of transitions 
on the digital data and control 
lines of 
the 
ICL7121, 
thereby 
reducing 
the amount 
of digital 
noise 
coupled 
into sensitive 
analog 
sections. 


OPERATIONAL 
AMPLIFIER 
SECTION 


The 
input 
offset 
voltage, 
input 
current, 
gain, 
and 
band- 
width 
of the op amps 
used 
affect 
the circuit 
performance. 
Since 
the output 
impedance 
of lOUT varies 
with 
the digital 
input 
code, 
the 
input 
current 
of amplifier 
A1 will 
cause 
a 
code-dependent 
error at VaUT, degrading 
the linearity. 
The 
input 
bias 
current 
should 
be significantly 
less than 
1 LSB 
current, 
which 
is about 
10 nA. In a similar 
manner, 
any off- 
set voltage 
in A1 will also cause 
linearity 
errors. 
The offset 
voltage 
of the output 
amplifier 
should 
be significantly 
less 
than 
1 LSB (153 ,..,Vat VREF = 5V). 
• 


.•. 
C'I.•. 
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The voltage 
output 
settling 
time 
is highly 
dependent 
on 
the slew 
rate and gain-bandwidth 
of A1' so for high speed 
operation 
a high speed 
op amp such as the HA2600 
is rec- 
ommended. 
For applications 
where 
high 
speed 
is not 
re- 
quired, 
the ICL7650 
or ICL7652 
can be used for A1. Since 
the ICL7650/52 
offset 
voltage 
is less than 
5 ",V, no offset 
trimming 
is needed. 
To get a full 5V output 
swing from these 
op amps, 
±7.5V 
supplies 
should 
be used for the ICL76501 
52. 


Amplifier 
A3' which 
is used to generate 
the inverted 
refer- 
ence, 
needs 
only to have a stable 
offset 
and to be able to 
drive 
a 3 kfi 
load. Since 
this is strictly 
a DC amplifier, 
the 
low noise 
ICL7652 
is an ideal 
choice. 
Any variation 
in the 
offset 
voltage 
of A3 will result 
in a drift in the bipolar 
zero, 


but will not affect 
the linearity 
of the ICL7121. 


Amplifier 
A2, used to generate 
a high quality 
ground, 
also 
needs 
a low offset 
and the ability to sink up to 2 mA. 


MULTIPLYING 
MODE PERFORMANCE 


While the ICL7121 
can perform 
full four-quadrant 
multipli- 
cation, 
full 0.003% 
linearity 
is guaranteed 
only at VREF = 
+ 5V. This is because 
the voltage 
coefficient 
of resistance 
of the R-2R ladder 
and the feedback 
resistor 
are significant 
at the 
14- or 16-bit 
level. 
This 
effect 
is most 
significant 
at 
higher voltages, 
and adds errors on the order of 0.01 % for a 


± 10V full-scale. 
While 
the ICL7121 
is tested 
and specified 
for VREF = + 5V, the 
R-2R 
ladder 
has the same 
voltage 
across 
it when 
VREF = 
-5V. 
Therefore, 
voltage 
coeffi- 
cients 
do not add any error with a - 5V reference 
voltage. 


GROUND 
LOOPS 


Careful 
consideration 
must 
be given 
to ground 
loops 
in 
any 
high 
accuracy 
system. 
The 
current 
into 
the 
analog 


ground 
point inside 
the chip varies 
significantly 
with the in- 
put code value, 
and the inevitable 
resistances 
between 
this 
point and any external 
connection 
point can lead to signifi- 
cant 
voltage 
drop 
errors. 
For 
this 
reason, 
two 
separate 
leads are brought 
out from this point on the IC: AGNDs 
and 
AGNDF. 
The 
varying 
current 
should 
be absorbed 
through 
the 
AGNDF 
pin, and 
the 
AGNDs 
pin will 
then 
accurately 
reflect 
the voltage 
on the internal 
current 
summing 
point, as 
shown 
in Figure 
7. Output 
signals 
should 
ideally 
be refer- 
enced 
to the sense 
pin AGNDs, 
as shown 
in the application 
circuits. 


AGND$ 
~;~~~~~~ 


OF 
ANALOG 
SYSTEM 


( 


~, 
RES\~~NCE 


~ND 


AGNOF 


TRUE ANALOG 
LEAD 
GROUND 
POINT 
RESISTANCE 


a. Printed Circuit Side of Board 
b. Top Side with Component Placement 
Figure 8: Printed Circuit Board Layout (Single Sided Board) 


HARRIS 
SEMICONDUCTOR 
ICL7134 
14-Bit 
Multiplying 
J.LP-Compatible 
D/A Converter 


GENERAL 
DESCRIPTION 


The 
ICL7134 
combines 
a four-quadrant 
mUltiplying 
DAC 
using 
thin film resistor 
and CMOS 
circuitry 
with an on-chip 
PROM-controlled 
correction 
circuit to achieve 
true 14-bit lin- 
earity without 
laser trimming. 


Microprocessor 
bus interfacing 
is eased 
using 
standard 
memory 
WRite 
cycle 
timing 
and control 
signal 
use. Two in- 
put buffer 
registers 
are separately 
loaded 
with 
the 8 least 
significant 
bits (LS register) 
and the 6 most 
significant 
bits 
(MS register). 
Their contents 
are then transferred 
to the 14- 
bit DAC register, 
which 
controls 
the current 
switches. 
The 
DAC register 
can also 
be loaded 
directly 
from 
the data 
in- 
puts, in which 
case 
the MS and 
LS registers 
are transpar- 
ent. 


The 
ICL7134 
is available 
in two versions. 
The ICL7134U 
is programmed 
for unipolar 
operation 
while the ICL7134B 
is 
programmed 
for bipolar 
applications. 
The VREF input to the 
most significant 
bit of the DAC is separated 
from 
the refer- 
ence 
input to the remainder 
of the ladder. 
For unipolar 
use, 
the two reference 
inputs 
are tied together, 
while 
for bipolar 
operation, 
the 
polarity 
of the 
MSB 
reference 
is reversed, 
giving 
the 
DAC a true 2's complement 
input 
transfer 
func- 
tion. 
Two 
resistors 
which 
facilitate 
the reference 
inversion 
are 
included 
on 
the 
chip, 
so only 
an external 
op-amp 
is 
needed. 
The PROM 
is coded 
to correct 
for errors 
in these 
resistors 
as well as the inversion 
of the MSB. 


FEATURES 


• 14·Bit 
Linearity 
(0.003% 
FSR) 


• No Gain 
Adjustment 
Necessary 


• Microprocessor-Compatible 
With 
Double 
Buffered 
Inputs 


• Bipolar 
Application 
Requires 
No Extra 
Adjustments 
or External 
Resistors 


• Low 
Linearity 
and 
Gain 
Temperature 
Coefficients 


• Low 
Power 
Dissipation 


• Full Four-Quadrant 
Multiplication 


• 883B 
Processed 
Versions 
Available 


v· 


lOUT 


AGNDs 


AGNDF 


DGNO 


R,s 


VRFM 


0, 
RINY 


VRFl 


llt 
PROG • 


0,. 
0,3 (MSB) 


0" 
0" 


Non-Linearity 
Temperature 
Range 


at 2S'C 
O'Cto 
+70'C 
- 2S'C to + 8S'C 
- SS'C to 
+ 12S'C 


Bipolar 
Versions 


0.01 % (12-bit) 
ICL7134BJCJl 
ICL7134BJlJI 
ICL7134BJMJI 


0.006% 
(13-bit) 
ICL7134BKCJl 
ICL7134BKIJI 
ICL7134BKMJl 


0.003% 
(14-bit) 
ICL7134BLCJl 
ICL7134BLlJI 
ICL7134BLMJI 


Unipolar 
Versions 


0.01 % (12-bit) 
ICL7134UJCJl 
ICL7134UJlJl 
ICL7134UJMJI 


0.006% 
(13-bit) 
ICL7134UKCJl 
ICL7134UKlJl 
ICL7134UKMJl 


0.003% 
(14-bit) 
ICL7134ULCJI 
ICL7134ULlJI 
ICL7134ULMJI 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABIliTY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301664-005 


Supply Voltage 
(V+ 
to DGND) 
.... 
-O.3V 
to 7.SV 
VRFL. VRFM. RINV. RFB to DGND 
.•............ 
± 1SV 


lOUT. AGNDF. 
AGNDs 
-O.1VtoV+ 


Current 
in AGNDS. 
AGNDF 
2SmA 
An, Dn. WR, CS. PROG 
- O.3V to V + + O.3V 


Operating 
Temperature 
Range 
ICL7134XXC 
O'C to + 70'C 


ICL7134XXI 
- 2S'C to + 8S'C 


ICL7134XXM 
.. 
.. 
- SS'C to + 12S'C 


Storage 
Temperature 
Range 
. . . . . . . . 
- 6S'C to + 1S0'C 


Power Dissipation 
(Note 2) 
. 
SOOmW 
Derate 
Linearly 
Above 
70'C 
@ 1OmWrc 


Lead Temperature 
(Soldering, 
10sec) 


Note 
1: All voltages with respect to DGND. 


Note 2: Assumes 
all leads soldered or welded to printed circuit board. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. 
These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied 
Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


VAn 
F 


Rz7ldlTYP 


R 
R 
R 
R 


2R 
2R 
2R 
2R 
2R 


51. 
513 
53 
53 , 
I 


louT 


AGNDs 


AGNllo 


REGISTER 
ADDRESS 
SELECT 


ELECTRICAL 
CHARACTERISTICS 
(v+ 
= 
+ SV, VREF = 
+ 10V, TA = 
+ 2SoC, AGND 
= DGND, 
lOUT at ground 
potential, 
unless 
otherwise 
specified.) 


Parameter 
Test Conditions/Comments 
Value 
Units 
Min 
Typ 
Max 


DC ACCURACY 


Monotonicity 
(Note 3) 
J 
12 


K 
13 
Bits- 


L 
14 


Gain Error 
(Notes 
1 and 2) 
J 
±0.024 


Figure 4 
K 
±0.012 
%FSR 


L 
±0.006 


Gain Error 
(Note 3) 
±2 
±8 
ppm/oC 


Temperature 
Coefficient 


Output 
Leakage 
Current 
TA = +2SoC 
±10 


(lOUT Terminal) 
nA 
Operating 
Temperature 
Range 
±60 


Long Term Stability 
of lOUT 
1000 Hours, 
+ 12SoC, (Note 3) 
±10 
ppm/month 


ACACCURACY 


Power Supply Rejection 
llV+ 
= ±10%,FigureS 
±10 
±100 
TA = +2SoC 
ppmlV 


Operating 
Temperature 
Range 
±lS0 


Feedthrough 
Error 
VREF = 20 Vp_p, 10kHz 
U 
2S0 
",Vp_p 
Sinewave, 
Figure 6 
B 
SOO 


Output 
Current 
Settling 
Time 
To % LSB, Figure 7 
1 
"'S 


Output 
Noise 
Equivalent 
to Johnson 
Noise of 7 ko. Resistor, 
Typical 


REFERENCE 
INPUT 


Input Resistance 
VRFL = VRFM, 
4 
7 
10 
ko. 


lOUT at Ground 


ANALOG 
OUTPUT 


Output 
Capacitance 
DAC Register 
Outputs 
All LOW 
160 


(lOUT Terminal) 
DAC Register 
Outputs 
All HIGH 
pF 
23S 


DIGITAL 
INPUTS 


Low State Threshold 
Operating 
Temperature 
Range 
0.8 
V 
High State Threshold 
2.4 


Input Current 
Inputs between 
DGND to V+ 
±1 
",A 


Input Capacitance 
(Note 3) 
lS 
pF 


POWER 
SUPPLY 


Supply Voltage 
Range 
Functional 
Operation, 
(Note 4) 
3.S 
6.0 
V 


Supply Current 
Excluding 
Ladder 
Network 
1.0 
2.S 
mA 
(NoteS) 


• 


'It 
CO').•. 
,... 
•.• ELECTRICAL 
CHARACTERISTICS 
(v+ = +5V, 
VREF = +10V, 
TA = +25'C,AGND 
= DGND,IOuTat 
51! 
ground 
potential, 
unless otherwise 
specified.) 
(Continued) 


Parameter 
Test Conditions/Comments 
Value 
Units 
Min 
Typ 
Max 


DC ACCURACY 


Resolution 
14 
Bits 


Non-Linearity 
(Notes 
1 and 2) 
J 
±0.012 
Figure 4 
K 
±0.006 
%FSR 


L 
±0.003 


Non-Linearity 
Operating 
Temperature 
Range 
±1 
±2 
ppm/'C 
Temperature 
Coefficient 
(Note 3) 


NOTES 1: Full-Scale Range (FSR) is lOV for unipolar mode. 20V {± lOV} for bipolar mode. 


2: Using internal feedback and reference inverting resistors. 
3: Guaranteed by design, not production tested. 
4: Gain error tested to 0.040% 
FSR. Specifications are not guaranteed. 


5: 00-013 
connected to 2.4V. 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


tAws 
Address-WRite 
Set-Up 
Time 
150 


tAWh 
Address-WRite 
Hold Time 
(Note 3) 
0 


tcws 
Chip Select-WRite 
Set-Up Time 
(Note 3) 
0 


tCWh 
Chip Select-WRite 
Hold Time 
(Note 3) 
0 
ns 


twR 
WRite Pulse Width 
Low 
200 


tows 
Data-WRite 
Set-Up 
Time 
200 


tOWh 
Data-WRite 
Hold Time 
(Note 3) 
0 


~ 
. 
cs 
~ 
/ 


00-07 
:=========::::X 
X 
_ 


I::=:: 'ow. 
'ow_j 


I 
I 


IolS OAT.... 
t.lS 
DATA 


LATCH 
ENABLED 
LATCHEO 
I 
I 


LS 
DATA 
lS 
OATA 
LS 
AND 
IoIS o..•. 
TA. 


LATCH 
ENABLED 
LATCHEO 
TRA.NSFERRED 
TO OAe 


DEFINITION OF TERMS 


NONLINEARITY: 
Error contributed 
by deviation 
of the DAC 
transfer 
hmction 
from a straight 
line through 
the end points 
of the actual 
plot of transfer 
function. 
Normally 
expressed 
as a percentage 
of full scale range 
or in (sub)multiples 
of 1 
LSB. 


RESOLUTION: 
It is addressing 
the smallest 
distinct 
analog 
output 
change 
that a Of A converter 
can produce. 
It is com- 
monly 
expressed 
as the 
number 
of converter 
bits. 
A con- 
verter 
with resolution 
of n bits can resolve 
output 
changes 
of 2-n 
of the full-scale 
range, 
e.g., 2-nVREF 
for a unipolar 
conversion. 
Resolution 
by no means 
implies 
linearity. 


SETTLING 
TIME: Time required 
for the output 
of a DAC to 
settle 
to within 
specified 
error 
band 
around 
its final 
value 
(e.g., '12 LSB) for a given digital 
input change, 
i.e., all digital 
inputs 
LOW to HIGH and HIGH to LOW. 


GAIN 
ERROR: 
The 'difference 
between 
actual 
and ideal an- 
alog output 
values 
at full-scale 
range, i.e., all digital inputs at 
HIGH 
state. 
It is expressed 
as a percentage 
of full-scale 
range 
or in (sub)multiples 
of 1 LSB. 


FEEDTHROUGH 
ERROR: 
Error caused 
by capacitive 
cou- 
pling from VREF to 'OUT with all digital 
inputs 
LOW. 


OUTPUT 
CAPACITANCE: 
Capacitance 
from 
lOUT terminal 
to ground. 


OUTPUT 
LEAKAGE 
CURRENT: 
Current 
which 
appears 
on 
'OUT terminal 
when 
all DAC register 
outputs 
are LOW. 


Pin 
Symbol 
Description 


1 
CS 
Chip Select 
(active 
low). 


Enables 
register write. 


2 
WR 
WRite, (active 
low). Writes 
in register. 


Equivalent 
to CS. 


3 
Do 
Bit 0 
Least significant 


4 
01 
Bit 1 


5 
02 
Bit2 


6 
03 
Bit3 


7 
04 
Bit4 


8 
05 
Bit5 
Input 


9 
06 
Bit6 
Data 


10 
07 
Bit7 
Bits 


11 
08 
Bit8 
(High = True) 


12 
09 
Bit9 


13 
010 
Bit10 


14 
011 
Bit11 


15 
012 
Bit12 


16 
013 
Bit13 
Most significant. 


17 
PROG 
Used for programming 
only. Tie to + 5V 


for normal operation. 


18 
VRFL 
VREF for lower bits. 


19 
R,NV 
Summing 
node for reference 
inverting 
amplifier. 


20 
VRFM 
VREF for MSB only (bipolar). 


21 
RFB 
Feedback 
resistor 
for voltage 
output 


applications. 


22 
DGND 
Digital GrouND 
return. 


23 
AGNDF 
Analog 
GrouND 
force lines. Use to 


carry current 
from internal 
Analog 


GrouND 
connections. 
Tied internally 
to 


AGNDs· 


24 
AGNDs 
Analog 
GrouND 
sense line. Reference 


point for external 
circuitry. 
Pin should 


carry minimal 
current; 
tied internally 
to 


AGNDF· 


25 
'OUT 
Current 
output 
pin. 


26 
V+ 
Positive 
voltage. 


27 
A1 
Address 
1 
: Registers 
Select 
Lines 
28 
Ao 
Address 
0 


YREF + 10Y 


(ADJUST FOR 
YUROR·OYOC) 


I BIT'. 
(lSI) 
Do 


UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz 2Yi>P 
••0 


0.01% 


+~::n.nn.. 


DIGITAL 
INPUT 


EXTRAPOlATE 
~:t:O~O~~~~~NG 


y+ 
PROG 
+ 100tnv..I\...J:L 
~S:lllOSCOPE 


lOOT 


DETAILED 
DESCRIPTION 


The ICL7134 
consists 
of a 14-bit primary 
OAC, two PROM 
controlled 
correction 
OACs, 
input 
buffer 
registers, 
and 
mi- 
croprocessor 
interface 
logic 
(Figure 
2). The 
14-bit 
primary 
OAC 
is an 
R-2R 
thin 
film 
resistor 
ladder 
with 
N-channel 
MaS 
SPOT current 
steering 
switches. 
Precise 
balancing 
of 
the switch 
resistances, 
and all other 
resistances 
in the lad- 
der, results 
in excellent 
temperature 
stability. 


True 14-bit linearity 
is achieved 
by programming 
a floating 
polysilicon 
gate 
PROM 
array which 
controls 
two correction 
OAC circuits. 
A 6-bit gain correction 
OAC, or G-OAC, diverts 
up 
to 
2% 
of 
the 
feedback 
resistor's 
current 
to 
Analog 
GounNO 
and reduces 
the gain error to less than 
1 LSB, or 
0.006%. 
The 5 most significant 
outputs 
of the OAC register 
address 
a 31-word 
PROM array that controls 
a 12-bit lineari- 
ty correction 
OAC, or C-OAC. 
For every combination 
of the 
primary 
OAC's 
5 most 
significant 
bits, 
a different 
C-OAC 
code is selected. 
This allows 
correction 
of superposition 
er- 
rors, 
caused 
by bit interaction 
on the primary 
resistor 
lad- 
der's 
current 
output 
bus and by voltage 
non-linearity 
in the 
feedback 
resistor. 
Superposition 
errors cannot 
be corrected 
by any method 
which 
corrects 
individual 
bits only, such 
as 
laser 
trimming. 
Since 
the 
PROM 
programming 
occurs 
in 
packaged 
form, 
it corrects 
for resistor 
shifts 
caused 
by the 
thermal 
stresses 
of packaging. 
These 
packaging 
shifts 
limit 
the accuracy 
that can be achieved 
using wafer level correc- 
tion methods 
such 
as laser trimming, 
which 
has also been 
found 
to degrade 
the time stability 
of thin film resistors 
at 
the 14-bit level. 
Analog Section 


The 
ICL7134 
inherently 
provides 
both 
unipolar 
and bipo- 
lar operation. 
The 
bipolar 
application 
circuit 
(Figure 
8) re- 
quires one additional 
op-amp 
but no external 
resistors. 
The 
two 
on-chip 
resistors, 
RINVl 
and 
RINV2, together 
with 
the 
op-amp, 
form a voltage 
inverter 
which 
drives the MSB refer- 
ence terminal, 
VRFM, to -VREF, 
where 
VREF is the voltage 
applied 
at the less significant 
bits' reference 
terminal, 
VRFL. 


Notice 
the values 
of 1.95R and 2R for the R,NVl and RINV2. 


The 
VRFM absolute 
value 
is about 
2.5% 
higher 
than 
the 
VRFL. This 
is necessary 
so that 
the gain error 
can be cor- 
rected. 
This reverses 
the weight 
of the MSB, and gives the 
OAC a 2's complement 
transfer 
function. 
The op-amp 
and 
reference 
connection 
to VRFM and VRFL can be reversed, 
without 
affecting 
linearity, 
but a small gain error will be intro- 
duced. 
For unipolar 
operation 
the VRFM and VRFL terminals 
are both tied to VREF, and the RINV pin is left unconnected. 


Since 
the PROM 
correction 
codes 
required 
are different 
for bipolar 
and unipolar 
operation, 
the ICL7134 
is available 
in two different 
versions; 
the ICL7134U, 
which 
is corrected 
for 
unipolar 
operation, 
and 
the 
ICL7134B, 
which 
is pro- 


grammed 
for bipolar 
application. 
The feedback 
resistance 
is 
also 
different 
in the 
two 
versions, 
and 
is switched 
under 
PROM control 
from 
'R' in the unipolar 
device 
to '2R' 
in the 
bipolar 
part. These 
feedback 
resistors 
have 
a dummy 
(al- 
ways 
ON) switch 
in series 
to compensate 
for the effect 
of 
the ladder 
switches. 
This greatly 
improves 
the gain temper- 
ature 
coefficient 
and the power 
supply 
rejection 
of the de- 
vice. 
Digital Section 


Two levels 
of input buffer 
registers 
allow 
loading 
of data 
from an 8-bit or 16-bit data bus. The Ao and A, 
pins select 
one 
of four 
operations: 
1) load the 
LS-buffer 
register 
with 
the data at inputs 
DO to 07; 2) load the MS-buffer 
register 
with the data at inputs 
De to 0'3; 3) load the OAC register 
6 
with the contents 
of the MS and LS-buffer 
registers 
and 4) 
load the OAC r~ster 
directly 
from the data input pins (see 


Table 
2). The CS and WR pins 
must be low to allow 
data 
transfers 
to occur. When direct loading 
is selected 
(CS, WR, 


Ao and A1 low) the registers 
are transparent, 
and the data 
input pins control 
the OAC output 
directly. 
The other 
modes 


of operation 
allow double 
buffered 
loading 
of the OAC from 
an 8-bit bus. 


These 
input 
data 
pins 
are 
also 
used 
to 
program 
the 


PROM under control 
of the PROG pin. This is done in man- 
ufacturing, 
and for normal 
operation 
the PROG 
pin should 
be tied to V+ 
(+5V). 
Table 2: Data Loading Controls 


Control 
lIP 
ICL7134 
Operation 
Ao 
A1 
CS 
WR 


X 
X 
X 
1 
No operation, 
device 
not selected. 


X 
X 
1 
X 


0 
0 
0 
0 
Load all registers 
from data bus. 


0 
1 
0 
0 
Load LS register 
from data bus .. 


1 
0 
0 
0 
Load MS register 
from data bus. 


1 
1 
0 
0 
Load OAC register 
from MS and 
LS register. 


TO 
REST OF 
LADDER 


Figure 8: Bipolar Operation, with 
Inverted 
VREF to MSB 


APPLICATIONS 
General Recommendations 
GROUND 
LOOPS 


Careful 
consideration 
must be given to ground 
loops in 
any 
14-bit accuracy 
system. 
The 
current 
into the 
analog 
ground point inside the chip varies significantly 
with the in- 
put code value, and the inevitable 
resistances 
between 
this 
point and any external 
connection 
point can lead to signifi- 
cant 
voltage 
drop 
errors. 
For 
this 
reason, 
two 
separate 
leads are brought out from this point on the IC, the AGNDF 
and AGNDs 
pins. The varying current 
should 
be absorbed 
through the AGNDF pin, and the AGNDs 
pin will then accu- 
rately 
reflect 
the voltage 
on the internal 
current 
summing 
point, as shown in Figure 9. Thus output signals should be 
referenced 
to the sense pin AGNDs, 
as shown in the vari- 
ous application 
circuits. 
OPERATIONAL 
AMPLIFIER 
SELECTION 


To maintain 
static 
accuracy, 
the lOUT potential 
must be 
exactly equal to the AGNDs potential. 
Thus output amplifier 
selection 
is critical, in particular 
low input bias current (less 
than 2nA), low offset 
voltage 
drift (depending 
on the tem- 
perature range) and low offset voltage 
(less than 25,...V) are 
advisable 
if the highest 
accuracy 
is needed. 
Maintaining 
a 
low input offset 
over a OV to 10V range also requires 
that 
the output amplifier 
has a high open loop gain (AVOL> 400k 
for effective 
input offset 
less than 25,...V). 


The reference 
inverting amplifier used in the bipolar mode 
circuit must also be selected 
carefully. 
If 14-bit accuracy 
is 
desired without adjustment, 
low input bias current (less than 
1nA), low offset 
voltage 
(less than 
50,...V), and high gain 
(greater than 400k) are recommended. 
If a fixed reference 
voltage 
is used, the gain requirement 
can be relaxed. 
For 
highest accuracy 
(better than 13 bits), an additional 
op-amp 
may 
be 
needed 
to 
correct 
for 
IR drop 
on 
the 
Analog 
GrouND 
line (op-amp A2 in Figure 11). This op-amp should 
be selected 
for low bias current 
(less than 2nA) and low 
offset voltage 
(less than 50,...V). 


The op-amp requirements 
can be readily met by use of an 
ICL7650 chopper 
stabilized 
device. 
For faster settling time, 


an HA26XX 
can be used with an ICL7650 
providing 
auto- 
matic offset 
null (see A053 applications 
note for details). 


AGNOs ~;~~~OD~~ 


OF ANALOG 
SYSTEM 


The output 
amplifier's 
non-inverting 
input should 
be tied 
directly to AGNDs. 
A bias current compensation 
resistor 
is 
of limited use since the output impedance 
at the summing 
node depends on the code being converted 
in an unpredict- 
able way. If gain adjustment 
is required, 
low tempco 
(ap- 
proximately 
50ppml"C) 
resistors 
or trim-pots 
should 
be se- 
lected. 
POWER 
SUPPLIES 


The V+ 
(pin 25) power supply should 
have a low noise 
level, and no transients 
exceeding 
7 volts. 
Note 
that the 
absolute 
maximum 
for digital 
input voltage 
is V+ +O.3V, 


therefore 
V + must be applied 
before 
digital inputs are al- 
lowed to go high. Unused digital inputs must be connected 
to GND or V+ 
for proper operation. 


Unipolar Binary Operation (ICL7134U) 


The 
circuit 
configuration 
for 
unipolar 
mode 
operation 
(ICL7134U) 
is shown in Figure 10. With positive and nega- 
tive VREF values the circuit is capable of two-quadrant 
multi- 
plication. The "digital input code/analog 
output value" table 
for unipolar 
mode is given in Table 
3. The Schottky 
diode 
(HP5082-2811 
or equivalent) 
protects 
lOUT from 
negative 
excursions 
which could damage the device, and is only nec- 
essary with certain 
high speed amplifiers. 
For applications 
where 
the 
output 
reference 
ground 
point 
is established 
somewhere 
other than at the DAC, the circuit of Figure 11 
can be used. Here, op-amp A2. removes the slight error due 
to IR voltage 
drop 
between 
the 
internal 
Analog 
GrouND 
node and the external ground connection. 
For 13-bit or low- 
er accuracy, 
omit A2 and connect 
AGNDF and AGNDs 
di- 
rectly to ground through as Iowa 
resistance 
as possible. 


0341-10 


Figure 10: Unipolar Binary, Two-Quadrant 
Multiplying Circuit 


0341-11 


Figure 11: Unipolar Binary Operation 
with Forced Ground 


Table 3: Code Table - 
Unipolar Binary 
Operation 


Digital Input 
Analog Output 


11111111111111 
-VREF(1-%14) 


10000000000001 
-VREF(%+%14) 


10000000000000 
-VREF/2 
011 
1 1 1 1 1 1 1 1 1 1 1 
-VREF(%-%14) 


00000000000001 
-VREF(%14) 


00000000000000 
0 


ZERO 
OFFSET 
ADJUSTMENT 


1. 
Connect 
all data inputs and WR, CS, Ao and A1 to 


DGND. 


2. 
Adjust offset zero-adjust 
trim-pot of the operational 
amplifier 
A2' if used, for a maximum of OV ±50f.l-V 


at AGNDs. 


3. 
Adjust the offset zero-adjust 
trim-pot 
of the output 
op-amp, A1' for a maximum of OV ±50f.l-V at VOUT· 


GAIN 
ADJUSTMENT 
(OPTIONAL) 


1. 
Connect all data inputs to V + , connect 
WR, CS, Ao 


and A1 to DGND. 


2. 
Monitor VOUT for a -VREF 
(1 - % 14) reading. 


3. 
To decrease 
VOUT, connect 
a series resistor of 5,{l 


or 
less 
between 
the 
reference 
voltage 
and 
the 


VRFM and VRFL terminals 
(pins 20 and 18). 


4. 
To increase 
VOUT, connect 
a series resistor 
of 5,{l 


or less between A1 output and the RFB terminal (pin 
21). 


Bipolar (2's Complement) Operation 
(ICL7134B) 
_ 


The 
circuit 
configuration 
for 
bipolar 
mode 
operation 
(ICL7134B) 
is shown 
in Figure 12. Using 2's complement 


digital input codes and positive and negative reference 
volt- 
age values, 
four-quadrant 
mUltiplication 
is obtained. 
The 
"digital 
input code/analog 
output 
value" 
table for bipolar 


mode is given in Table 4. Amplifier A3' together with internal 
resistors 
RINVl and RINV2, forms a simple voltage 
inverter 
circuit. The MSB ladder leg sees a reference 
input of ap- 


proximately 
- VREF, so the MSB's weight is reversed 
from 
the polarity 
of the other 
bits. In addition, 
the 
ICL7134B's 


feedback 
resistance 
is switched to 2R under PROM control, 


so 
that 
the 
bipolar 
output 
range 
is 
+ VREF to 
- VREF 


(1 - % 13). Again, the grounding 
arrangement 
of Figure 
11 


can be used, if necessary. 


Table 4: Code Table - 
Bipolar 
(2'5 Complement) Operation 
• 


Digital 
Input 
Analog Output 


01111111111111 
-VREF(1-% 
13) 


00000000000001 
-VREF(%13) 


00000000000000 
0 


11111111111111 
VREF(%13) 
10000000000001 
VREF(1-%13) 
10000000000000 
VREF 


18 
19 
20 


VRFL 
R'NV 
VRFM 
R,NV. 
R'NV2 


16 
21 
15 
0,3 (MSB) 
RFB 


0.2 


25 
lOUT 


ICL7134B 


'::" 


o 
3. 
Oo(LSB) 
+5V 
17 
PROG 


WR 
CS 
A, 


t2 
t27 


AGNDs 


AGNOF 


I 
VOUTI 


OFFSET 
ADJUSTMENT 


1. 
Connect 
all data inputs and WR, CS, Ao and A, to 
DGND. 


2. 
Adjust the offset zero-adjust 
trim-pot 
of the opera- 
tional 
amplifier 
A2' if used, for a maximum 
of OV 


±50,...V at AGNDs. 


3. 
Set data to 00000 .... 
00. Adjust 
the offset 
zero- 
adjust trim-pot of the output op-amp A" 
for a maxi- 
mum of OV ±50,...V at VOUT. 


4. 
Connect 
0'3 
(MSS) data input to V+. 


5. 
Adjust the offset zero-adjust 
trim-pot 
of op-amp A3 
for a maximum 
of OV ± 50,...V at the RINV terminal 
(pin 19). 
GAIN 
ADJUSTMENT 
(OPTIONAL) 


1. 
Connect 
WR, CS, Ao and A, to DGND. 


2. 
Connect 
Do, 
0, ... 
0'2 
to 
V+, 
0'3 
(MSS) 
to 
DGND. 


3. 
Monitor VOUT for a -VREF 
(1- 
%'3) 
reading. 


4. 
To increase VOUT, connect 
a series resistor of 10n 
or less between the A, output and the RFB terminal 
(pin 21). 


5. 
To decrease 
VOUT, connect 
a series resistor of 5n 
or less between the reference 
voltage and the VRFL 
terminal 
(pin 18). 


Processor Interfacing 


The ease of interfacing 
to a processor 
can be seen from 
Figure 13, which shows the ICL7134 connected 
to an 8035 
or any other 
processor 
such 
as an 8049. 
The data 
bus 
feeds into both register inputs; three port lines, in combina- 
tion with 
the WR line, control 
the 
byte-wide 
loading 
into 
these registers and then the DAC register. A complete 
DAC 
set-up requires 4 write instructions 
to the port, to set up the 
address and CS lines, and 3 external data transfers, 
one a 
dummy for the final transfer to the DAC register. 


+5V 
OV 
+5V 
OV 


P.o.17 
} 
OTHER 
P.2~ 
110 


P" 
Os 
p. 
Ac 


P" 
A, 
IM8OC35 


IM~D80 
0" 
1050 
"'. 
ETC. 


0, 
ICL1l34 


08, 
0, 


ViA 
0, 


AGNDf 


0" 


ViA 


• 


ot 
CO).•.,..d 
A similar 
arrangement 
can be used with an 8080A, .8228, 
- 
and 8224 
chip 
set. Figure 
14 shows 
the circuit, 
which 
can 
be arranged 
as a memory-mapped 
interface 
(using MEMW) 
or 
as 
an 
I/O-mapped 
interface 
(using 
I/O 
WRITE). 
See 
A020 
and 
R005 
for 
discussions 
of 
the 
relative 
merits 
of 
memory-mapped 
versus 
I/O-mapped 
interfacing, 
as well as 
some 
other 
ideas on interfacing 
with 8080 
processors. 
The 
8085 processor 
has a very similar 
interface, 
except 
that the 
control 
lines available 
are slightly 
different, 
as shown 
in Fig- 


ure 15. The decoding 
of the 10/M 
line, which 
controls 
mem- 
ory-mapped 
or I/O-mapped 
operation, 
is arbitrary, 
and can 
be omitted 
if not necessary. 
Neither 
the MC680X 
nor R650X 
processor 
families 
offer 
specific 
I/O 
operations. 
Figure 
16 
shows 
a suitable 
interface 
to either of these 
systems, 
using 
a direct 
connection. 
Several 
other 
decoding 
options 
can be 
used, 
depending 
on the other 
control 
signals 
generated 
in 
the 
system. 
Note 
that 
the 
R650X 
family 
does 
not 
require 
VMA to be decoded 
with the address 
lines. 


OPTIONAL 
GATE 
(SEE TEXn 


0341-17 
Figure 17: Avoiding Digital Feedthrough 
in an 8048 to ICL7134 Interface 


ANALOG .--t\ 
CIRCUIT 
~ 
tCL1134 


INTEL 
llOllO 
1015 
ETC. 


Digital Feedthrough 


All of the direct 
interfaces 
shown 
above can suffer from a 
capacitive 
coupling 
problem. 
The 
14 data 
pins, and 4.con- 
trol 
pins, 
all tied 
to active 
lines 
on a microprocessor 
bus, 
and 
in close 
proximity 
to the 
sensitive 
DAC circuitry, 
can 
couple 
pseudo-random 
spikes 
into the analog 
output. 
Care- 
ful board 
layout 
and 
shielding 
can 
minimize 
the 
problems 
(see PC layout), 
and clearly 
wire-wrap 
type sockets 
should 
never 
be used. 
Nevertheless, 
the 
inherent 
capacitance 
of 
the 
package 
alone 
can 
lead 
to unacceptable 
digital 
feed- 
through 
in many 
cases. 
The 
only 
solution 
is to keep 
the 
digital 
input lines as inactive 
as possible. 
One easy way to 
do this is to use the peripheral 
interface 
circuitry 
available 
with all the systems 
previously 
discussed. 
These 
generall}'. 


allow 
only 8 bits to be updated 
at anyone 
time, but a little 
ingenuity 
will 
avoid 
difficulties 
with 
DAC 
steps 
that 
would 
result 
from 
partial 
updates. 
The problem 
can be solved 
for 
the 8048 
family 
by tying the 
14 port lines to the data input 
lines, with CS, Ao and A1 held low, and using 
only the WR 
line to enter 
the data into the DAC (as shown 
in Figure 
17). 
WR is well separated 
from the analog 
lines on the ICL7134, 
and is usually 
not a very active 
line in 8048 
systems. 
Addi- 
tional 
"protection" 
can be achieved 
by gating the processor 
WR line with another 
port line. The same type of technique 
can be employed 
in the 8080/85 
systems 
by using an 8255 
PIA (peripheral 
Interface 
adapter) 
(Figure 
18) and 
in the 
MC680X 
and R650X 
systems 
by using an MC6820 
(R6520) 
PIA. 


Successive Approximation AID 
Converters 


Figure 
19 shows 
an ICL7134B-based 
circuit 
for a bipolar 
input 
high 
speed 
AID 
converter, 
using 
two 
AM25L03s 
to 
form 
a 14-bit 
successive 
approximation 
register. 
The com- 
parator 
is a two-stage 
circuit 
with an HA2605 
front-end 
am- 
plifier, 
used 
to reduce 
settling 
time 
problems 
at the 
sum- 
ming node (see A020). Careful 
offset-nulling 
of this amplifier 
is needed, 
and 
if wide 
temperature 
range 
operation 
is de- 
sired, 
an auto-null 
circuit 
using 
an ICL7650 
is probably 
ad- 


visable 
(see A053). The clock, 
using two Schmitt 
trigger 
TTL 
~_ 
gates, 
runs at a slower 
rate for the first 8 bits, where 
set- 
tling-time 
is most critical, 
than for the last 6 bits. The short- 
cycle 
line 
is shown 
tied 
to the 
15th 
bit; if fewer 
bits 
are 
required, 
it can 
be moved 
up accordingly. 
The 
circuit 
will 
free-run 
if the 
HOLD/RUN 
input 
is held 
low, 
but will 
stop 
after completing 
a conversion 
if the pin is high at that time. 
A low-going 
pulse 
will restart 
it. The 
STATUS 
output 
indi- 
cates 
when 
the 
device 
is operating, 
and 
the 
falling 
edge 
indicates 
the availability 
of new data. A unipolar 
version 
may 
be constructed 
by tying the MSB (D13) on an ICL7134U 
to 
pin 14 on the first AM25L03, 
deleting 
the 
reference 
inver- 
sion amplifier 
A4, and tying VRFM to VRFL. 


PC BOARD LAYOUT 


Great 
care 
should 
be taken 
in the 
board 
layout 
to mini- 
mize ground 
loop and similar "hidden 
resistor" 
problems, 
as 
well as to minimize 
digital sigoal feedthrougtkA 
suitable 
lay- 
out for the 
immediate 
vicinity 
of the 
ICL7134 
is shown-in 
Figure 
20, and may be used as a guide. 


APPLICATION 
NOTES 


Some applications 
bulletins 
that may be found 
useful 
are 
listed here: 
A002 
"Principles 
of Data Acquisition 
and Conversion" 


A018 
"Do's 
and DonI's 
of Applying 
AID 
Converters," 
by 
Peter Bradshaw 
and Skip Osgood. 
A020 
"A Cookbook 
Approach 
to High Speed 
Data Acqui- 
sition and Microprocessor 
Interfacing," 
by Ed Sliger. 
A042 
"Interpretation 
of Data Converters 
Accuracy 
Speci- 
fications" 


R005 
"Interfacing 
Data 
Converters 
& Microprocessors," 
by Peter Bradshaw 
et ai, Electronics, 
Dec. 9, 1976. 


Most of these 
are available 
in the Harris Data Acquisition 
• 
Handbook, 
together 
with other 
material. 
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Figure 20: Printed Circuit Board Layout (Bipolar Circuit, see Figure 12) 
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Guide 


DG180 


DG181 


DG182 


DG183 


DG184 


DG185 


DG186 


DG187 


DG188 


DG189 


DG190 


DG191 


DG200 


DG201 


DG201A 


DG202 
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DG300A 
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HI-201HS 


HI-222 


HI-300 


HI-301 
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HI-307 


HI-381 


HI-384 


HI-387 


Dual SPST 10 Ohm High-Speed 
Driver with JFET Switch 
........•......... 


Dual SPST 30 Ohm 
High-Speed 
Driver 
with JFET 
Switch 
. 


Dual SPST 75 Ohm 
High-Speed 
Driver with JFET Switch 
....•............ 


Dual DPST 10 Ohm 
High-Speed 
Driver with JFET Switch 
. 


Dual DPST 30 Ohm 
High-Speed 
Driver with JFET Switch 
. 


Dual DPST 75 Ohm 
High-Speed 
Driver with JFET 
Swtich 
. 


SPDT 10 Ohm 
High-Speed 
Driver with JFET Switch 
. 


SPDT 30 Ohm High-Speed 
Driver with JFET Switch 
. 


SPDT 75 Ohm High-Speed 
Driver with JFET Switch 
. 


Dual SPDT 10 Ohm High-Speed 
Driver with JFET Switch 
. 


Dual SPDT 30 Ohm 
High-Speed 
Driver with JFET Switch 
....•............ 


Dual SPDT 75 Ohm 
High-Speed 
Driver with JFET Switch 
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Dual SPST CMOS 
Analog 
Switch 
. 


Quad 
SPST CMOS 
Analog 
Switch 
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Quad 
Monolithic 
SPST CMOS 
Analog 
Switch 
. 


Quad 
Monolithic 
SPST CMOS 
Analog 
Switch 
...................•....... 


Quad 
Monolithic 
SPST CMOS 
Analog 
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. 


Quad 
Monolithic 
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Analog 
Switch 
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CMOS 
Analog 
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Analog 
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SPST CMOS 
Analog 
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Analog 
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Video 
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SPDT CMOS 
Analog 
Switch 
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Analog 
Switch 
..................•...................... 
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Analog 
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Single 
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SWITCH 
RDS 
(on) 
IS (off) 
LOGIC 
LOGIC lEVELS 
ANALOG 
SUPPLYVOLTAGE 
SWITCHING 
PACKAGE& TEMPERATURERANGE(4) 


PART' 
mPOlDGY 
TECHNOLOGY 
MAX 
(1) 
MAX 
INPUT 


VINl 
VINH 
SIGNAL 
TIME 
COMMENTS 
PlASTIC 
METAl 
@25OC 
0250C 
SWlTCH 
RANGE 
v+ 
v_ 
VL 
(2) 
TON 
TOFF 
(0' 
loA) 
"ON' 
M 
M 
I" 
M 
M 
M 
Ins) 
''''' 


DiP 
SOle I PLCC 
CEROI 
CAN 


HI·5040 
SINGLESPSTI 
36\1 CMos-or 
50 
DB", 
1 
DB 
3.0 
V-IOV. 
.,5 
-15 
+5 
1000 
500 
C 
C.M 


IH5140 
(ltg.l) 
36\1 CMOS·Jr 
50 
05 
1 
0.8 
2' 
;!111YO 
+15 
-15 
+5 
'50 
125 
C 
C.M 


OG180 
DUAL 
36\1 N-JFET 
10 
10 
1 
DB 
2.0 
V-+7.5toV 
+15 
-15 
+5 
300 
250 
Low Ron 
I.M 


OGle1 
SPST 
36VN·JFET 
30 
1 
1 
0.8 
2. 
V-+75trN 
+15 
-15 
+5 
150 
130 
I.M 


OG182 
(1Ig.2) 
J6VN·JFET 
75 
1 
1 
08 
2.0 
V-+510V 
+15 
-15 
+5 
250 
130 
I.M 
OG200 
36VCMQS·JI 
80 
5 
0 
0.8 
2.' 
V- IOV. 
.,5 
-15 
nla 
1000 
500 
C 
I.M 
I.M 


0G3OOA 
.•.•V CMOS·Jl 
50 
5 
, 
DB 
•• 
V- 
IOV• 
+15 
-15 M 
150'" 
130'" 
C 
C.I.M 
C,I,M 
Hl·200 
«v 
CMOS-DI 
80 
50 
0 
DB 
2.' 
V- toV. 
+15 
-15 
"" 


240typ 
SOOt" 
C 
C.I 
C.I.M 
C.I.M 
Hl·222 
361JCt.lO$-OI 
SO 
25 
0 
DB 
2' 
v_ 
IOV. 
+15 
-15 
"" 
200 
200 
RFlVldto T $Wilen 
C.I 
C 
C.I 


HI·300 
44V CMOS·DI 
SO 
5 
, 
DB 
•• 
v_ 
10V • 
+15 
-15 


"" 
JOO 
2SO 
C.M 
C.M 
HI·304 
44V CMOS·Ot 
SO 
5 
, 
35 
"' 


V- 
10V. 
+15 
-15 
nfa 
2SO 
ISO 
C.M 
C.M 
HI·38' 
44V CMOS·OI 
50 
5 
, 
0.8 
'.0 
V- 
10V. 
+15 
-15 
nla 
300 
250 
C 
C.M 
HI·5041 
36\1 CMOS·OI 
SO,,, 
0.8tYIl 
, 
0.8 
3. 
V_ 10 v. 
+15 
-15 
nla 
'000 
500 
Ron matching 10amax@ 
250C 
C.M 
HI·5048 
36\1 CMOS·OI 
25IYP 
a.S1YP 
, 
0.8 
3' 
V_ 10 v. 
+15 
-15 ," 
1000 
500 
Ron malchlng 5amax .• 2~OC 
C 
C.M 


IHS041 
36\1 CMOS·JI 
80 
5 
, 
DB 
2.' 
±101yp 
+15 
-15 
+5 
'000 
500 
C 
C.M 
IH51~1 
36\1 CM05-JI 
75 
5 
1 
DB 
2.' 
±,0IYO 
+15 
-15 
+5 
175 
ISO 
C 
C.M 
IHS341 
36V CMOS·JI 
75 
1 
1 
" 
2.' 
V_ 10V. 
+15 
-15 
+5 
300 
'SO 
RFNilltoTSWIICh 
C 
I.M 


O~201 
QUAD 
36VCMOS·J1 
100 
5 
0 
0.8 
2.' 
V- 
10 v. 
+15 
-1Sn/a 
1000 
500 
C 
I.M 
DG201A 
SPST 
44VCMOS·JI 
200 
5 
0 
0.8 
2' 
V- 
10V. 
+15 
-'5 ," 
600 
'SO 
C 
C.l.M 
DG202 
(lig.3) 
44VCMOS·JI 
200 
5 
, 
0.8 
2.4 
V_ 10V. 
+15 
-'5 ," 
600 
450 
C 
C.I.M 
DG211 
44VCMOS·JI 
175 
5 
0 
08 
2.4 
V_ 10V. 
+15 
-'5 
+5 
1000 
500 
C 
C 
DG212 
44VCMOS·JI 
175 
5 
, 
0.8 
2A 
V- 
10V. 
+15 
-15 
+5 
1000 
500 
C 
C 
OG30SA 
44VCMOS·JI 
100 
5 
, 
35 
11.0 
V- 
10V. 
+15 
-15 
"" 
200 
'SO 
C 
C 
C.l.M 
00309 
44V CMOS·JI 
100 
5 
0 
35 
"' 


V_ 10V. 
+15 
-15 
nJa 
200 
ISO 
C 
C 
C.I.M 
HI·2Ql 
44V CMOS·O! 
80 
SO 
0 
DB 
2.' 
V- 
10V. 
+15 
-15 
nIa 
1BSlyp 
2201" 
C 
C.t 
C 
C.r.M 
HI-201H$ 
36V CMOS·OI 
SO 
1 
0 
08 
2.' 
V- 
10V. 
+15 
-15 
nIa 
SO 
SO 
Hlghspe!CI 
C.I 
C.I 
C.I 
C.I.M 


IH-S052 
36V CM05-JI 
100 
5 
0 
DB 
2.' 
±101yp 
.15 
-15 
+5 
'000 
500 
C.M 
IH·SOS3 
36V CMOS-Jl 
100 
5 
1 
0.8 
2.' 
±101yp 
+15 
-15 
+5 
'000 
500 
C.M 
IH·5352 
36V CMOS·JI 
75 
2 
I 
DB 
2.' 
V_ 10V. 
+15 
-15 
+5 
300 
150 
RFNldeo T switch 
C 
I.M 


HI·S047 
"ST 
36\1CMOS·OI 
SOlyp 
O.Blyp 
1 
0.8 
3.0 
V- 
10V. 
+15 
-15 ," 
'000 
500 
Ron mal ching 
10amax@ 
250C 
C 
C.M 
HI·SO(7A 
(fig. 4) 
36\1 CMOS·Ol 
251yt) 
O.8lyp 
I 
DB 
3. 
V- 
toY. 
+15 
-15 ," 
1000 
500 
Ron malchlng sarnax 
@ 250(: 
C 
C.M 


OGle6 
SPOT 
36\1 N·JFET 
to 
to 
{31 
DB 
2. 
V-.75IrN 
+15 
-15 
+5 
300 
2SO 
Low Ron 
I.M 
OGiB7 
(110.5) 
36\1 N·JFET 
30 
, 
{31 
DB 
2.0 
V-.75IfN 
+15 
-15 
+5 
'SO 
'30 
I.M 
OG1BB 
3fN N-JFET 
75 
I 
(31 
0.8 
2. 
Y-.510V 
+15 
-15 
+5 
2SO 
130 
I.M 
DGJ01A 
~4YCMOS-J\ 
SO 
5 
13) 
O! 
•• 


'\1- \0"11. 
+15 
-15 
nil 
1501" 
1301" 
C 
C,I.M 
C,I.M 


HI-J01 
44VCMOS·Jl 
50 
5 
(31 
0.8 
•• 
V- 
lOV. 
+15 
-15 ", 
300 
2SO 
C.M 
C.M 
HI-30S 
44V CMOS-OI 
SO 
5 
13) 
35 
".0 
V- 
10V. 
+15 
-15 ", 
250 
150 
C.M 
C.M 
HI-3B7 
44V CMOS·OI 
SO 
5 
13) 
0.8 
•• 
V- 
10V. 
+15 
-15 ", 
300 
250 
C.M 
C.M 
HI·5042 
36V CMOS·O! 
SO 
DB 
{31 
" 


3.0 
V- 
10V. 
+15 
-15 
tl/a 
'000 
500 
Ron mal ching 10amax@ 
250(: 
C.M 
HI·50SO 
36\1 CMOS·Or 
251yp 
O.8lyp 
{31 
DB 
30 
'V- 
toY. 
+15 
-15 
nil 
'000 
500 
Ron mJlchlng 5aINx 
i' 250(: 
~M 


IH51.(2 
36\1CMOS-J! 
75 
5 
131 
DB 
2.' 
±101yp 
.,5 
-15 
+5 
300 
ISO 
C 
C.M 
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Switch Selector Guide 


(Continued) 


SWl1tH 
ROSton) 
ISlotll 
lOGIC 
lOGIC LEVELS 
ANAlOG 
SUPPlY VOlTAGE 
SWITCHING 
PACXAGE& TEMPERATURE RANGe 
(4) 
PAlu' 
1OPOlDGY 
TECHNOlDGY 
MAX 
(1) 
MAX 
INPUT 


VlNl 
VlNH 


SIGNAl 
TIME 
COMMENTS 
PUSTIC 
~Mt.:.L 
.25'C 
."'" 
SWITCH 
RANGE 
V. 
v- 
Vl(2) 
10N 
10FF 


101 
1""1 
"ON' 
M 
M 
1+1 
M 
M 
M 
los) 
(ns) 
DIP 
SOIC 
PlCC 
CEROI 
CAI, 


OGI89 
DUAl 
3&VN-JFH 
10 
10 
(31 
a.' 
2.a 
V-+75trN 
+15 -15 •• 


300 
2SO 
low Roo 
I.M 
00190 
SPOT 
3fN 
N·JfET 
30 
1 
(31 
OJ 
2.0 
V-+75ttJ.J 
+15 -15 
.5 
,so 
'30 
I.M 


DGt9, 
160.6) 
36V N-JFET 
7S 
1 
(31 
0.' 
,. 
"1-+5 uN. 
+15 -15 .. 
2SO 
130 
I.M 
IlGJOJA 
4411 
CMQS·,Jf 
so 
• 
(31 
0.' 
4D 
v_ 10v. 
+15 -15 nh 
'SO"" 
'30 "" 
C 
C.I.M 


HI·303 
441/ 
CMoS-ol 
SO 
• 
(31 
0.' 
'.0 
V- 
10"1+ 
+15 -15 Ala 
300 
2SO 
C.M 


HI.J07 
4411 CMOS-OI 
SO 
• 
(31 
35 
11.0 
v- 
10"1 .•• 
+15 
-15 
n1~ 
2SO 
ISO 
C.M 
HI·J90 
44"1 CMoS·ol 
50 
• 


13) 
0.' 
'.0 
v- 
toY .•. 
+15 -15 nh 
300 
2SO 
C.M 
HI·5043 
36V CMoS·OI 
50~, 
O.8typ 
131 
0.' 
3.0 
V- 10"1. 
+15 -15 nh 
1000 
soo 
Aon matching 
llX2mu 
e 
250C 
C 
C,I 
C 
CM 


HI·SOSI 
36'1 CMoS-ol 
""" 


O.81VP 
13) 
0.' 
3.0 
V_ toV+ 
+15 -15 
nla 
1000 
SOO 
Ron matching 5Qmax e 250C 
C 
C,I 
C 
C.M 
IH5043 
36VCMOS·JI 
•• 
• 


13) 
a.' 
2,' 
:I01Yll 
+15 -15 .. 
1000 
SOO 
C 
C 
CM 


IH5143 
36VCMOS-Jl 
7S 
• 


13) 
0.' 
2.' 
~IO lyp 
.15 
-15 .. 
300 
ISO 
C 
CM 


IHS151 
36'1 CMOS·Jl 
30 
2 
(3) 
0.' 
2.' 
v- 
10"1+ 
+15 -15 .. 
500 
250 
, 
C.M 


HI·SO •••• 
DUAL OPST 
36'1CMOS·Q1 
SO"" 
""" 
, 
0.' 
30 
v- TOV. 
.15 
-15 
nIJ 
1000 
SOO 
Ron !NtelUng 
IOOrrw 
• 
250C 
C 
2~ I 
IH51,U 
,,..n 
36V CMOS-JI 
15 
5 
1 
oa 
2.' 
.:l:tOty1l 
.15 -IS .. 
300 
ISO 
C 


00183 
DUAL 
OPST 
J6V N·JFET 
10 
10 
1 
O. 
2.0 
V-.1!Jtdl 
.tS 
-IS .. 
300 
2SO 
low'M 
I.~ 
I 


00'84 
.." 
36V N-JFET 
30 
1 
1 
O. 
2. 
V-.1!JldI 
.15 
-15 
.5 
ISO 
130 
I,M 


00'" 
36V N·JFfT 
7S 
, 
, 
OJ 
2. 
V-.5toV 
+15 
-15 
.5 
2SO 
130 
I,M 
0G302A 
44V CMOS",," 
SO 
5 
1 
O. 
•• 
V_ 
toV. 
+15 
-15 
nIJ 
ISO "" 
130 "" 
C 
C.I.~ 
HI.J02 
UVCMOS-QI 
SO 
5 
1 
O. 
•• 
V_ 
toV+ 
+15 
-15 
nIJ 
300 
2SO 
C,M 
HI.JtJ6 
44V CMOS-OI 
SO 
5 
I 
35 
". 


V- 
toV. 
+15 
-15 
nIJ 
2SO 
ISO 
C.~ 
HI.J84 
44V CMOS·OI 
SO 
5 
I 
0.' 
'0 
v- 
10V. 
+15 
-15 
nn 
300 
2SO 
C.~ 


HI·5045 
36V C.\40S·01 
SO"" 
O.8ryp 
1 
0.' 
10 
V- 
tOV+ 
+15 
-15 
nIa 
1000 
SOO 
Ron m3tchinQ tOOrrw 
• 
250C 
C 
C.I 
~ 
CM 
HI·5049 
36V CMOS·QI 
""" 


O.8typ 
1 
OJ 
3.0 
V_ toV. 
+15 
-15 
n13 
1000 
SOO 
Ron !NtChinQ Omax 
It 250C 
C 
C.I 
C 
CM 


IH5145 
36V CMOS-JI 
7S 
• 
1 
0.' 
2.4 
.:l: 10typ 
.15 
-15 
.5 
300 
ISO 
C 
C,M 


HI·5046 
OPOT 
36V CMOS·OI 
50"" 
O.8typ 
(3) 
a.• 
3.0 
V-·lOV. 
.15 
-15 
n/a 
1000 
500 
Rein matChing Omax 
@ 250C 
C 
C,M 


I 


HI·5046A 
.." 
36V CMOS·OI 
25lyp 
0'"" 
(3) 
a,. 
3.a 
V- 
10V. 
.15 
-15 
n1a 
1000 
SOO 
Ron !NIChing Orrw 
It 250C 
C 
CM 


NOtes: 
1. 
Th. RDS (on) of a CMOS $WItch vanes as:nnetion 
01 supply 'fOlt3ge. analog Slgn3booltage. 
¥1d lempet3ture. 


2. 
lo9JC 
supPly 
WlIUQt. 
llreqUJrtd. 


3. 
Reier to d.lla silee'l lor the SWItch SUtts of SPOT and OPOT SWItches. 


4. 
Reier to the inCM(lu3J data sileet tot spegfic 
packaoe lead count and lempet3ture 
lVIOe inloNl\3llOn. 


The loIIowtnO temperalure 
range comentlllf\S are used: 
C. 
commeraaIlemp 
fll19t. 
I _ i1ctuSlml temp range. 
M _ tnlIitary temp f3llge 


P·CHANNEL JFET 
CHARACTERISTICS 
PACKAGE & TEMP RANGE (1) 


SWITCH CONFIGURATION 


OUTPUT 
LOGIC 
Rd' 
(on) 
10 (off) 
t (on) & t (off) 
PLASTIC 
CERAMIC 


SINGLE 
OUAL 
TRIPLE 
QUAD 
CONFIGURATION 
LEVEL 
MAX@2SoC 
MAX@2S"C 
MAX @2SoC 
DIP 
DIP 


IH5017 
IH5009 


COMMON 


+ISV 
l00Q 
C 
C,M 


IH5022 
IH5018 
IH5014 
IH5010 
+5V 
1502 
C 
C,M 
±O.5nA 
SOOn. 


IH5019 
IH5011 
SEPARATE 
+15V 
l00Q 
C 
C,M 


IH5024 
IH5020 
IH5016 
IH5012 
+5V 
150Q 
C 
C,M 


m HARRIS 
'&I 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The DG180 
thru DG191 
series of analog 
gates consist 
of 
2 or 4 N-channel 
junction-type 
field-effect 
transistors 
(J FET) 
designed 
to function 
as electronic 
switches. 
Level-shifting 
drivers 
enable 
low-level 
inputs 
(0.8 to 2V) to control 
the ON- 
OFF state of each switch. 
The driver is designed 
to provide 
a turn-off 
speed 
which 
is faster 
than turn-on 
speed, 
so that 
break-before-make 
action 
is achieved 
when 
switching 
from 
one channel 
to another. 
In the ON state, 
each 
switch 
con- 
ducts current 
equally well in both directions. 
In the OFF con- 
dition, 
the switches 
will block 
voltages 
up to 20V peak-to- 
peak. Switch-OFF 
input-output 
isolation 
is 50dS 
at 10MHz, 


due 
to the 
low output 
impedance 
of the 
FET-gate 
driving 
circuit. 


Part 
Type 
rOS(on) 
Number 
(Max) 


DG180 
Dual SPST 
10 
DG181 
Dual SPST 
30 
DG182 
Dual SPST 
75 
DG183 
Dual DPST 
10 
DG184 
Dual DPST 
30 
DG185 
Dual DPST 
75 
DG186 
SPOT 
10 
DG187 
SPOT 
30 
DG188 
SPOT 
75 
DG189 
Dual SPOT 
10 
DG190 
Dual SPOT 
30 
DG191 
Dual SPOT 
75 


DG180-191 
High-Speed 
Driver With 
JFET Switch 


FEATURES 


• Constant 
ON-Resistance 
fDr Signals 
to 
± 10V 
(DG182, 
185, 188; 191), to 
±7.5V 
(All Devices) 


• 
± 15V Power 
Supplies 
• <2nA 
Leakage 
From 
Signal 
Channel 
in Both 
ON and 
OFF States 


• TTL, 
DTL, 
RTL Direct 
Drive 
Compatibility 


• ton, tol1< 150ns, 
Break-Before-Make 
Action 


• Cross-talk 
and 
Open 
Switch 
Isolation> 
50dB 
at 


10MHz 
(7511 Load) 


• JAN 
38510 
Approved 


DG 
181 
X 
Y 
L 


PACKAGE 


A - 10-PIN METAL 
CAN 


L - 14-PIN FLAT PACK 


P - CERAMIC 
DIP 


TEMPERATURE 


A - MILITARY 
(- 
55°C to + 125°C) 


S -INDUSTRIAL(-20°Cto 
+ 85°C) 


'------DEViCE 
TYPE 


DRIVER 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


• 


v ' - v 
. . . . . . . • . . . . 
. 
36V 
V+ -Vo 
33V 
Vo-V- 
..................................•...... 
33V 
VO-VS 
.. ..•..•..•............... 
±22V 
V L- V - 
. 
36V 
VL -VIN 
. 
.. 
.. 
8V 
VL -GND 
. 
8V 
VIN-GND 
.. 
. . . . . . . . . . . . . . . 
. 
8V 


GND-V- 
. 
27V 
GND-VIN 
. 
20V 
Current 
(S or D) See Note 3 .....•..•............ 
200mA 
Storage 
Temperature 
. . . . . . . . . .. 
- 65'C to + 150'C 


Operating 
Temperature 
-55'C 
to + 125'C 
Power Dissipation' 
450 (TW), 750 (FLAT), 


825(DIP)mW 
Lead Temperature 
(Soldering, 
1Osee) 
300'C 


°Device mounted with all leads welded or soldered to PC board. Derate 6mWrC 
(TW); 10mWrC 
(FLAT); l1mWrC 
(DIP) above 75°C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other condJiions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


DUAL SPST (DG180, 181, 182) 


Flat Package 


(OUTLINE DWG DO) 
Figure 2: Pin Configurations 
and Switching State Diagram 


SPOT (DG186, 187, 188) 
Flat Package 


.. 
NC 


NC 


0, 


5, 


NC 


y- 


OND 


0275-9 


(OUTLINE DWG FD-2) 


DUAL SPOT (DG189, 190, 191) 


.. 
53 


03 


0, 


5, 


IN, 


y- 


OND 


0275-11 


(OUTLINE DWG FD-2) 
(OUTLINE DWG DE) 


Figure 
2: Pin Configurations 
and Switching 
State 
Diagram 
(Cont.) 
• 


Parameter 
Device No. 
Test Conditions 
I 
A Series 
B Series 
Units 
(Note 1) 
l-ss"C 
+2S"C 
+ 12S"C -20"C 
+2S"C 
+8S"C 


SWITCH 


IS(off) 
OG181, 182, 184, 185 
Vs= 10V, Vo= 
-10V, 
V+ = 10V 
±1 
100 
±5 
100 
187,188,190,191 
nA 
(OG180, 183, 186, 189) V - = - 20V, VIN= "OFF" 
±(10) 
(1000) 
(15) 
(300) 


OG181, 184, 187, 190 
Vs=7.5V, 
Vo= 
-7.5V 
±1 
100 
±5 
100 
nA 
(OG180, 183, 186, 189) VIN="OFF" 
±(10) 
(1000) 
(15) 
(300) 


OG182, 185, 188, 191 
Vs= 10V, Vo= 
-10V 
±1 
100 
±5 
100 
nA 
VIN="OFF" 


10(011) 
OG181, 182, 184, 185 
Vs= 10V, Vo= 
-10V, 
V+ = 10V 
±1 
100 
±5 
100 
187,188,190,191 
nA 


(OG180, 183, 186, 189) V - = - 20V, VIN= "OFF" 
±(10) 
(1000) 
(15) 
(300) 


OG181, 184, 187, 190 
Vs=7.5V, 
Vo= 
-7.5V 
±1 
100 
±5 
100 
nA 
(OG180, 183, 186, 189) VIN="OFF" 
±(10) 
(1000) 
(15) 
(300) 


OG182, 185, 188, 191 
Vs=10V, 
Vo= 
-10V 
±1 
100 
±5 
100 
nA 
VIN="OFF" 


.•. 
Gl.•. 
Io 
ELECTRICAL 
CHARACTERISTICS 
II).•. 
C'o 
Parameter 
Device 
No. 
Test Conditions 
A Series 
B Series 
I Units 
(Note 
1) 
- 55·C 
+ 25·C 
+ 125·C 
-20·C 
+25·C 
+85·cl 


SWITCH 
(Continued) 


10(on)+ IS(on) 
OG180, 181, 183, 184 
VO=VS= 
-7.5V, 
VIN= "ON" 
±2 
-200 
-10 
-200 
nA 
186,187,189,190 


OG182, 185, 188, 191 
VO=VS= 
-10V, 
VIN="ON" 
±2 
-200 
-10 
-200 
nA 


INPUT 


IINL 
IALL 
1 
VIN=OV 
-250 
-250 
-250 
-250 
-250 
-250 
I /-LA 


IINH 
IALL 
VIN=5V 
10 
20 
10 
20 
I/-LA 


DYNAMIC 


ton 
1on Switches 
300 
350 


30n Switches 
150 
180 


75n Switches 
See sWitching time test circuit 
250 
. 
300 
ns 


toff 
10n Switches 
250 
300 


30n and 75n Switches 
130 
150 


CS(off) 
OG181, 182, 184, 185, 
Vs= 
-5V,10=O, 
f= lMHz 
9 typical (21 typical) 


CO(off) 
187,188,190,191 
Vo= 
+5V,ls=O, 
f=lMHz 
6 typical (17 typical) 
pF 


COlon) + CS(on 
(OG180, 183, 186189) 
VO=VS=O, 
f=lMHz 
14 typical (17 typical) 


OFF Isolation 
RL = 75n, CL = 3pF 
Typically> 
50dS at 1OMHz (See Note 2) 


SUPPLY 


1+ 
OG180, 181, 182, 189 
1.5 
1.5 
190,191 


OG183, 184, 185 
0.1 
0.1 


OG186, 187, 188 
0.8 
0.8 


1- 
OG180, 181, 182, 189 
-5.0 
-5.0 
190,191 


OG183, 184, 185 
VIN=5V 
-4.0 
-4.0 


OG186, 187, 188 
-3.0 
-3.0 


IL 
OG180, 181, 182, 183 
184,185,189,190,191 
4.5 
4.5 


OG186, 187, 188 
3.2 
3.2 


IGNO 
ALL 
-2.0 
-2.0 
mA 


1+ 
OG180, 181, 182, 189 
1.5 
1.5 
190,191 


OG183, 184, 185 
3.0 
3.0 


OG186, 187, 188 
0.8 
0.8 
1- 
OG180, 181, 182, 189 
-5.0 
-5.0 
190,191 


OG183, 184, 185 
VIN=OV 
-5.5 
-5.5 


OG186, 187, 188 
-3.0 
-3.0 


IL 
OG180, 181, 182, 183 
4.5 
4.5 
184,185,189,190,191 


OG186, 187, 188 
3.2 
3.2 


IGNO 
ALL 
-2.0 
-2.0 


NOTES 1. See Switching State Diagrams for VIN "ON" and VIN "OFF" Test Conditions. 


Z. Off Isolationtypically>55dB at 1MHz for DG180, 183, 186, 189. 
3. Saturation Drain Current for OG18D, 183, 186. 189 only, typically 300mA (2ms Pulse Duration). Maximum Current on all other devices (any terminal) 


30mA. 


Device 
Conditions 
(Note 1) 
Military 
Temperature 
Industrial 


Number 
y+ = lSY, Y- 
= -lSY, 
YL =SY 
Temperature 
Units 


-SS·C 
+2S·C 
+ 12S·C 
-20·C 
+2S·C 
+8S·C 


OG180 
Vo= 
-7.5V 
10 
10 
20 
15 
15 
25 
!l 


OG181 
Vo= 
-7.5V 
30 
30 
60 
50 
50 
75 
!l 


OG182 
Vo= 
-10V 
75 
75 
100 
100 
100 
150 
!l 


OG183 
Vo= 
-7.5V 
10 
10 
20 
15 
15 
25 
!l 


OG184 
Vo= 
-7.5V 
30 
30 
60 
50 
50 
75 
!l 


OG185 
Vo= 
-10V 
Is= -10mA 
75 
75 
150 
100 
100 
150 
!l 


OG186 
Vo= 
-7.5V 
10 
10 
20 
15 
15 
25 
!l 


OG187 
Vo= 
-7.5V 
VIN="ON" 
30 
30 
60 
50 
50 
75 
!l 


OG188 
Vo= 
-10V 
75 
75 
150 
100 
100 
150 
!l 


OG189 
Vo= 
-7.5V 
10 
10 
20 
15 
15 
25 
!l 


OG190 
Vo= 
-7.5V 
30 
30 
60 
50 
50 
50 
!l 


OG191 
Vo= 
-10V 
75 
75 
150 
100 
100 
150 
!l 


APPLICATION 
HINT (for design only): Normally 
the minimum signal handling capability 
of the OGleO through 
DG191 family is 20V peak-Io-peak 
for the 750 


switches 
and 15V peak-Ie-peak 
for the 10n and 30n (refer Ilf and IS tests above). For other Analog Signals. the following guidelines can be used: proper switch 
turn-oH requires that V- 
:S::VANAlOO(peak) - 
Vp where Vp = 7.5V for the 1011AND 30n switches and Vp = 5.QV for 750 switches e.g., -lOV minimum (-peak) 


analog signal and a 7511switch (Vp = 5V), requires that V- 
'S: -lOV 
-5V 
= -15V. 


Logic Input for "OFF" to "ON" Condition (DG180/181/182 Shown) 


LOGIC INPUT 
3V 
Ir < 10 ns 
tf< 
10ns 
0 


SWITCH INPUT 
Vs 


SWITCHOUTPUT 
0 


SWITCH 
OUTPUT 
Vo 
lon, Vs = +10V 
loff, Ys = -10V 
LOGIC 
INPUT 


Cl 
I30pF 


(REPEAT TEST FOR 
ALL CHANNELS) 
Vo = Vs 
Rl 
Rl + rOS(on) 
• 


g 
DUAL SPST- DG180/181/182 
.•.g 
TEST CONDITIONS 


DG 1801 181 1182 


VIN "ON" 
= 0.8V 


VIN "OFF" 
= 2.0V 


SWITCH 
STATES 
ARE 


FOR LOGIC "1" 
INPUT=2.0V 


All Channels 


All Channels 


DG186/187/188 


VIN "ON"=2.0V 
Channell 


VIN "ON" 
= O.8V 
Channel 
2 


VIN "OFF" 
= 2.0V 
Channel 
2 


VIN "OFF" 
= O.8V 
Channell 


SWITCH 
STATES 
ARE 


FOR LOGIC "1" 
INPUT=2.0V 


TEST CONDITIONS 


DG183/184/185 


VIN "ON" 
= 2.0V 


VIN "OFF" 
= O.8V 


SWITCH 
STATES 
ARE 


FOR LOGIC" 
1" INPUT = 2.0V 


All Channels 


All Channels 


DG189/190/191 


VIN "ON"=2.0V 
Channels 
1 & 2 


VIN "ON" 
= O.8V 
Channels 
3 & 4 


VIN "OFF" 
= 2.0V 
Channels 
3 & 4 


VIN "OFF" 
= O.BV 
Channels 
1 & 2 


SWITCH 
STATES 
ARE 


FOR LOGIC "1" 
INPUT=2.0V 


GENERAL 
DESCRIPTION 


The DG200 
solid 
state 
analog 
gates 
are designed 
using 
an 
improved, 
high 
voltage 
CMOS 
monolithic 
technology. 


They provide 
ease-of-use 
and performance 
advantages 
not 
previously 
available 
from 
solid 
state 
switches. 
Destructive 
latch-up 
of solid state analog 
gates 
has been eliminated 
by 
HARRIS's 
CMOS 
technology. 


The 
DG200 
is completely 
spec 
and 
pin-out 
compatible 
with the industry 
standard 
device. 


FEATURES 


• Switches 
Greater 
Than 
28Vpp 
Signals 
With 
± 15V 
Supplies 


• Break-Before-Make 
Switohing 
toll 
250ns, 
ton 700ns 
Typical 


• TTL, 
DTL, CMOS, 
PMOS Compatible 


• Non-Latching 
With 
Supply 
Turn-Off 


• Complete 
Monolithic 
Construction 


• Industry 
Standard 
(DG200) 


Industry 
Temperature 
Standard 
Package 
Range 
Part 


DG200AA 
10-Pin Metal Can 
- 55'C to + 125'C 


DG200AK 
14-Pin CERDIP 
- 55'C to + 125'C 


DG200AL 
14-Pin Flat Pak 
- 55'C to + 125'C 


DG200BA 
10-Pin Metal Can 
- 25'C to + 85'C 


DG200BK 
14-Pin CERDIP 
- 25'C to + 85'C 


DG200BL 
14-Pin Flat Pak 
- 25'C to + 85'C 


DG200CJ 
14-Pin Epoxy Dip 
O'Cto 
+70'C 


FLAT PACKAGE 
(outline 
dwg FD-2) 


,. 
IN, 
IN, 


NC 
NC • 


GND 
y+ 


(SUBSTRATE) 
NC 
HIC 
5, 


'" 
D, 


y- 
7 
• 


VIIlEF 
• 


TOP VIEW 


NC 
y+ 
(SUBSTRATE) 


11 
He 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. 
THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTOAY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


oo 
(II 
"o 
ABSOLUTE 
MAXIMUM 
RATINGS 


v+-v- 
<36V 
v+-vo 
<30V 
Vo-V- 
<30V 


.Vo-Vs 
.........•..... 
<28V 
VlwGND 
<20V 


Storage 
Temperature 
-65·C 
to + 150·C 
Operating 
Temperature 
- 55·C to + 125·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 
Power Dissipation 
450mW 


(All LeadsSolderedto a P.C. Board.)Derate6mWrC 
Above 75"C. 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may 
cause 
permanent 
damage 
to the 
device. 
These 
are 
stress 
ratings 
only 
and functional operation of the device at these or any other conditions 


above those indicated in the operational 
sections of the specifications 
is not 
implied. Exposure 
to absolute 
maximum raling conditions 
for extended 
ped· 


ods 
may 
affect 
device 
reliabildy. 


GATE 
PROTECTION 


RESISTOR 


INPUT 


Per Channel 
Test 
MinIMax 
Limits 


Symbol 
Characteristic 
Conditions 
Military 
Com'l/lndustrial 
Units 


-5SoC 
+2SoC 
+ 125°C O/-2S·C 
+2S·C 
+ 70·CI + 8S·C 


IIN(ON) 
Input Logic Current 
VIN = 0.8V See Notes 2, 3 
±10 
±1 
±10 
±10 
±10 
).LA 


IIN(OFF) 
Input Logic Current 
VIN = 2.4V See Notes 2, 3 
±10 
±1 
±10 
±10 
±10 
).LA 


rOS(ON) 
Drain-Source 
On 
Is=10mA 
70 
70 
100 
80 
80 
100 
.11 


Resistance 
VANALOG= 
± 10V 


rOS(ON) 
Channel-to-Channel 
25 
30 


rOS(ON) Match 
(typ) 
(typ) 


.11 


VANALOG Min. Analog 
Signal 


±15 
±15 
V 
Handling 
Capability 


IO(OFF) 
Switch 
OFF Leakage 
VANALOG= 
-14Vto 
+14V 
±2 
100 
±5 
100 
nA 
Current 


IS(OFF) 
Switch 
OFF Leakage 
VANALOG=-14Vto 
+14V 
±2 
100 
±5 
100 
nA 
Current 


Per Channel 
Test 
MinIMax 
limits 


MIlitary 
Com'l/lndustrial 
Units 
Symbol 
Characteristic 
Conditions 


-SS·C 
+2S·C 
+ 12S·C 
O/-2SoC 
+2S·C 
+ 70·CI + 85°C 


IO(ON) 
Switch 
GN Leakage 
Vo=Vs= 
-MVto 
+14V 
±2 
200 
±10 
200 
nA 


+IS(ON) 
Current 


ton 
Switch 
"ON" 
Time 
RL = 1kn, VANALOG 
1.0 
1.0 
",s 
See Note 1 
= -10Vto 
+ 10V 
See Fig. 3 


toft 
Switch 
"OFF" 
Time 
RL = 1kn, VANALOG 
= -10Vto 
+ 10V 
0.5 
0.5 
",s 


See Fig. 3 


Q(INJ.) 
Charge 
Injection 
See Fig. 4 
15 
20 
mV 
(typ) 
(typ) 


OIRR 
Min. Off Isolation 
f = 1MHz, RL = lOOn, 
54 
50 
dB 
Rejection 
Ratio 
CL:5:5pF 
(typ) 
(typ) 
See Fig. 5 (Note 1) 


IV1 
+ Power Supply 
VIN=OVor 
1000 
1000 
2000 
'1000 
1000 
2000 
",A 
Quiescent 
Current 
VIN=5V 


IV2 
- Power Supply 
1000 
1000 
2000 
1000 
1000 
2000 
",A 
Quiescent 
Current 


CCRR 
Min. Channel 
to 
One Channel 
Off 
Channel 
Cross 
54 
50 
dB 
Coupling 
Rejection 
(typ) 
(typ) 
Ratio 


3V 
9V-5L 
LOGIC 
INPUT 


LOGIC 
INPUT 


(HO~_ 
-= 


~vov, 
.too.. • 


"II 


i 
jli 
. 
II 
, . ., 
, .. 


~~ 
'3 
' 
" 
j~ a" 
~ 


~ 
, 
I' 
o~, 
25 
" 
15 
15 
101 
125 
T - 
nMPEIU.TURE 
(0e) 


APPLICATIONS 


Using-the 
VREF Terminal 


The 
DG200 
has an internal 
voltage 
divider 
setting 
the 
TIL 
threshold 
on the inpot control 
lines for V+ 
equal to 


+ 15V, The schematic 
shown here with nominal resistor val- 
ues, gives approximately 
2.4V on the VREF pin. As the TIL 
input signal goes from + 0.8V to + 2.4V, 01 and 02 switch 
states to turn the switch ON and OFF. 


If the power 
supply voltage 
is less than 
+ 15V, then a 
resistor 
must be added between 
V+ 
and the VREF pin, to 
restore 
+ 2.4V at VREF. The table shows the value of this 
resistor 
for various 
supply voltages, 
to maintain TIL 
com- 
patibility. 
If CMOS logic levels on a + 5V supply are being 
used, the threshold 
shifts are less critical, 
but a separate 
column 
of suitable 
values 
is given 
in the ,table." For logic 
swings of - 5V to + 5V, no resistor is needed. 


In general, the "low" 
logic level should be<0.8V 
to pre- 
vent 01 and 02 from 
both 
being 
ON to'gether 
(this- will 
cause incorrect 
switch function). 
With open collector 
logic, 


and a low value of pull-up resistor; the logic "low" 
level can 
be above 0.8V. In this case, HARRIS can supply parts with 
thresholds> 
1.5V, 
allowing 
the 
user 
to 
define 
the 
"low" 
as < 1.5V (consult factory). The VREF point should be set at 
least 2.6V above this "low" 
state, or to>4.1V. 
An external 
resistor 
of 27k!1 between 
V+ 
and VREF is required, 
for a 


+ 15V supply. 


~ 
in 
100 
§! 
ZUi~ 
50 
~~ 
~::::::E::~:=:E 
~~ 
0 
0- 
••.· 
·IVV·~-.V 


- IS 
'0 
~ 
0 
S 
to 
15 


Yo 
- 
ORAjN 
VOlTAGE 
(VOLTS) 


Y+ 
TIL 
CMOS 


Supply 
Resistor 
Resistor 


(Y) 
(k!1) 
(k!1) 


+15 
- 
- 
+12 
100 
- 


+10 
51 
- 


+9 
(34) 
34 


+8 
(27) 
27 


+7 
18 
18 


GATE 
PROTECTION 
INPUT 
RESISTOR 


GENERAL 
DESCRIPTION 


The DG201 
solid-state 
analog 
switches 
are designed 
us- 
ing an improved, 
high-voltage 
CMOS 
monolithic 
technology. 
They provide 
performance 
advantages 
not previously 
avail- 
able from solid-state 
switches. 
Destructive 
latch-up 
of solid- 
state 
analog 
gates 
has 
been 
eliminated 
by 
HARRIS's 
CMOS 
technology. 


The 
DG201 
is completely 
specification 
and pin-out 
com- 
patible 
with the industry 
standard 
device. 


FEATURES 


• Switches 
Greater 
Than 
28Vp_p Signals 
With 
± 15V 
Supplies 


• Break-Before-Make 
Switching 
toff = 250ns, 
ton = Typically 
500ns 


• TTl, 
DTl, 
CMOS, 
PMOS Compatible 


• Non-latching 
With 
Supply 
Turn·Off 


• Complete 
Monolithic 
Construction 


• Industry 
Standard 
(DG201) 


Industry 
Standard 
Temperature 
Package 
Part Number 
Range 


DG201AK 
- 55'C to + 125'C 
16-Pin CERDIP 


DG201BK 
- 25'C to + 85'C 
16-Pin CERDIP 


DG201CJ 
O'Cto 
+70'C 
16-Pin Plastic 
DIP 


GATE 
PROTECTION 


RESISTOR 


INPUT 


Figure 
1: Functional 
Diagram 
(% DG201) 
Switch 
Open 
For 
Logic 
"1" 
Input 


3 
V + (SUBSTRATE) 


YAEF 
• 


0277-2 


Figure 
2: Pin Configuration 
(Outline 
dwgs 
JE, PEl 
DUAL·IN·LINE 
PACKAGE 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARAANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE, 


.•.o 
(II 
" 
C 
ABSOLUTE 
MAXIMUM 
RATINGS 
v+ to v- 
. 


v+ to Vo 
. 


Vo to v- 
. 


Vo to Vs .......•.....•..•..•..•..•..•..•....... 
VREF to v- 
. 


VREF to VIN 
. 
VREF to GND 
. 


<36V 
<30V 
<30V 
<28V 
<33V 
<30V 
<20V 


VIN to GND 
<20V 
Current 
(Any Terminal) 
. .. 
<30mA 
Storage 
Temperature 
-65·C 
to + 150·C 
Operating 
Temperature 
- 55·C to + 125·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 
Power Dissipation 
450mW 
Derate 
6mW rc Above 
70·C 


NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent 
damage to the device. 
These arB stress ratings only and functional 


operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 


maximum rating conditions 
for extended periods 
may affect device reliability. 


Per Channel 
Test 
MiniMax 
Limits 


Symbol 
Characteristic 
Conditions 
Military 
Commercial 
Units 


-55·C 
+ 25·C 
+ 125·C 
O·C 
+ 25·C 
+ 70·CI + 85·C 


IIN(ON) 
Input Logic Current 
VIN = 0.8V See Note 1 
10 
±1 
10 
±1 
±1 
10 
I-'A 


IIN(OFF) 
Input Logic Current 
VIN = 2.4V See Note 1 
10 
±1 
10 
±1 
±1 
10 
I-'A 


ROS(ON) 
Drain-Source 
On 
Is=10mA 
80 
80 
125 
100 
100 
125 
11 
Resistance 
VANALOG= 
±10V 


ROS(ON) 
Channel 
to Channel 
25 
30 
11 
ROS(ON) Match 
(typ) 
(typ) 


VANALOG Analog 
Signal 
± 15 (typ) 
±15(typ) 
V 
Handling 
Capability 


IO(OFF) 
Switch 
OFF Leakage 
VANALOG= 
-14V 
to + 14V 
±1 
100 
±5 
100 
nA 
Current 


IS(OFF) 
Switch 
OFF Leakage 
VANALOG= 
-14Vto 
+14V 
±1 
100 
±5 
100 
nA 
Current 


IO(ON) 
Switch 
ON Leakage 
Vo=Vs= 
±14V 
±2 
200 
±5 
200 
nA 


+IS(ON) 
Current 


ton 
Switch 
"ON" 
Time 
RL = 1kl1, VANALOG 
See Note 2 
= - 1OV to + 10V 
1.0 
1.0 
I-'s 
See Figure 3 


toff 
Switch 
"OFF" 
Time 
RL = 1kl1, VANALOG 
See Note 2 
= -10Vto 
+10V 
0.5 
0.5 
I-'s 
See Figure 3 


Q(INJ.) 
Charge 
Injection 
See Figure 4 
15 (typ) 
20 (typ) 
mV 


OIRR 
Min. Off Isolation 
f= 
1MHz. RL = 10011, 
54 
50 
Rejection 
Ratio 
CL,;;5pF 
(typ) 
(typ) 
dB 


See Figure 5 


1+0 
+ Power Supply 
VIN=OVt05V 
2000 
1000 
2000 
2000 
1000 
2000 
I-'A 
Quiescent 
Current 


1-0 
- Power Supply 
2000 
1000 
2000 
2000 
1000 
2000 
I-'A 
Quiescent 
Current 


CCRR 
Min. Channel 
to 
One Channel 
Off 


Channel 
Cross 
54 
50 


Coupling 
Rejection 
(typ) 
(typ) 
dB 


Ratio 


3V 
9V-O- 


INPUT 


ANALOG INPUT 
),n 


~ 
hUT 


i"'2KJ 
TOPFr 


TKO 


":" 
":" 
":" 


)T1'" 
.'WH. 


5111 


LOGIC 
INPUT 


(NO~_ 
-=' 
'=" 
~,~, 
l'~" 


V+=+15V 
V-.=-15V 


125°C 
:;;;;; 


25° C 


ssoC 


I 
o 
-15 
-10 
- 5 
0 
5 
10 
15 


Vo - 
DRAIN 
VOLTAGE 
(VOLTS) 


! 
~~ 
zll: 
ell: 
:1::> 
00 
I~8~ 
0.1 


.§i:l\... 
zo 
0.01 
25 
45 
105 
125 


T - 
TEMPERATURE 
(OC) 


i 
I 
, 
I 
, 
"'1;[0 
- 
.,.. T 
I-+- 


-..;: 


A 


_ 
A - 
Y+ = +lSV. Y- 
= -TSV 


_ 
B - 
V+ = +l2V, V- = -12V 
_ 
C - 
Y+ = +TOY. Y- 
= -TOY 
0- Y+ = +8Y. Y- 
= -8Y 
o 
-15 
-10 
- 5 
0 
5 
10 
15 


Vo - 
DRAIN VOLTAGE 
(VOLTS) 


45 
65 
65 
105 
125 


T - 
TEMPERATURE 
(0C) 
• 


..o 
("I 
c:I 
CI 
APPLICATIONS 


Using the VREF Terminal 


The 
DG201 
has an internal 
voltage 
divider 
that 
sets the 


TTL threshold 
on the input control 
lines for V + = 15V. The 
schematic 
is shown 
here, with nominal 
resistor 
values, 
giv- 
ing approximately 
2.4V on the VREF pin. As the TTL input 
signal goes from 
+ O.8V to + 2.4V, 01 and 02 switch 
states 
to turn the switch 
ON and OFF. 


If the 
power 
supply 
voltage 
is less 
than 
+ 15V, then 
a 
resistor 
needs 
to be added 
between 
V+ 
and VREF pin, to 
restore 
+ 2.4V at VREF. The table 
shows 
the value 
of this 


resistor 
for various 
supply 
voltages, 
to maintain 
TTL 
com- 
patibility. 
If CMOS 
logic levels 
with a + 5V supply 
are being 
used, 
the 
threshold 
shifts 
are less critical, 
but a separate 
column 
of suitable 
values 
is given 
in the 
table. 
For 
logic 


swings 
of -5V 
to 
+5V, 
no resistor 
is needed. 


In general, 
the "low" 
logic level should 
be <O.8V to pre- 
vent 
01 
and 
02 
from 
both 
being 
ON 
together 
(this 
will 


cause 
incorrect 
switch 
function). 
With 
open 
collector 
logic, 


and a low value 
of pull-up 
resistor, 
the logic 'low' 
level can 
be above 
O.8V. In this case, 
HARRIS 
can supply 
parts with 
thresholds> 
1.5V(consult 
factory). 
The VREF point 
should 
be set at least 2.6V above this "low" 
state, or to > 4.1 V. An 
external 
resistor 
of 27k!1 and VREF is required, 
for a + 15V 
supply. 


Y+ 
TTL 
CMOS 


Supply 
Resistor 
Resistor 


(Y) 
(k!1) 
(k!1) 


+15 
- 
- 


+12 
100 
- 


+10 
51 
- 


+9 
(34) 
34 


+8 
(27) 
27 


+7 
18 
18 


GATE 
PROTECTION 
INPUT 
RESISTOR 


Analog Switches 


GENERAL 
DESCRIPTION 


The 
DG201A 
(normally 
open) 
and 
DG202 
(normally 
closed) 
quad 
SPST 
analog 
switches 
are 
designed 
using 
Harris' 
new 
44V 
CMOS 
process. 
These 
bidirectional 
switches 
are 
latch-proof 
and 
feature 
break-before-make 
switching. 
Designed 
to 
block 
signals 
up to 
30V 
peak-to- 
peak 
in the 
OFF 
state, 
the 
DG201A/DG202 
offer 
the 
ad- 
vantages 
of low on resistance 
(,;: 1750), 
wide 
input 
signal 
range (± 15V) and provide 
both TIL 
and CMOS compatibil- 
ity. 


The 
DG201 AI DG202 
are specification 
and pin-out 
com- 
patible 
with the industry 
standard 
devices. 


FEATURES 
• ± 15V Input 
Signal 
Range 


• Low 
ROS(on) (,;: 1750) 


• TIL, 
CMOS Compatible 


• Latch 
Proof 


• True 
Second 
Source 


• 44V Maximum 
Supply 
Ratings 


• Logic 
Inputs 
Accept 
Negative 
Voltages 


Part Number 
Temperature 
Range 
Package 


DG201AAK 
- 55'C to + 125'C 
16-Pin CERDIP 


DG201ABK 
- 25'C to + 85'C 
16-Pin CERDIP 


DG201ACK 
O'Cto 
+70'C 
16-Pin CERDIP 


DG201ACJ 
O'Cto 
+70'C 
16-Pin Plastic DIP 


DG202AK 
- 55'C to + 125'C 
16-Pin CERDIP 


DG202BK 
- 25'C to + 85'C 
16-Pin CERDIP 


DG202CK 
O'Cto 
+70'C 
16-Pin CERDIP 


DG202CJ 
O'Cto 
+70'C 
16-Pin Plastic 
DIP 


IN, 
1 


0, 


5, 
v- 


GNO 


5, 


0, 


IN, 


Top View 


Figure 
2: Pin Configuration 


Logic 
DG201A 
DG202 


0 
ON 
OFF 


1 
OFF 
ON 


·Switches Shown for Logic "1" Input 
Figure 
1: Functional 
Diagram 


HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARRANTY OBLIGATION 
WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE 
307010-001 


• 


is 
ABSOLUTE 
MAXIMUM 
RATINGS 
.••. 
C.•.o 
C'I"a 


V+ to v- 
. 
v- to Ground 


Vin to Ground 
(Note 
1) 


VsorVotoV+ 
(Note 1) 


VsorVotoV- 
(Note 1) 


Current. 
Any Terminal 
Except 
S or D 


Continuous 
Current. 
S or D 


Peak Current. 
S or D 
(Pulsed 
at 1 ms. 10% duty cycle max) 
.. 


Operating 
Temperature 
C Suffix 
. . . . . . . . . . . . 
. ... 
O'C to + 70'C 
B Suffix 
. . . . . . . . . . . . . . . . . . . • . .. 
- 25'C to + 85'C 
A Suffix 
- 55'C to + 125'C 


..44V 


-25V 


........ 
(V- 
- 
2V). (V+ 
+ 2V) 


................ 
+2, 
(V- 
- 
2V) 


-2. 
(V+ 
+ 2V) 


....... 
30 mA 


.... 
20 mA 


Storage 
Temperature 
C Suffix 
- 65'C to + 125'C 
A & B Suffix 
. . . . . .. . . . . . . . . . . . . 
- 65'C 
to + 150'C 


Lead Temperature 
(Soldering, 
10s) 
300'C 


Power 
Dissipation' 
CERDIP 
Package" 
900 mW 
Plastic Package'" 
. 
470 mW 


'Device 
mounted 
with all leads 
soldered 
or welded 
to PC board. 


"Derate 
12 mwrc 
above 
75'C 
"'Derate 
6.5 mwrc 
above 
25'C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent damage /0 the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied Exposure to absolute maximum rating conditions for extended peri- 


ods 
may 
affect 
device 
reliability. 


DG201AA/DG202A 
DG201AB, 
C/DG202B, 
C 


Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Units 


Min 
Max 
Min 
Max 
(Note 
2) 
(Note 
2) 


SWITCH 


VANALOG Analog 
Signal 
-15 
15 
-15 
15 
V 
Range 


RoS(on) 
Drain Source 
Vo = ± 10V. Vin = 0.8V (DG201A) 
115 
175 
115 
200 
n 
On Resistance 
Is = 1 mA, Vin = 2.OV (DG202) 


IS(off) 
Source 
OFF 
Vin = 2.4V 
Vs = 14V. Vo = -14V 
0.01 
1.0 
0.01 
5.0 
nA 
Leakage 
Current 
(DG201A) 
Vs = -14V, 
Vo = 14V 
-1.0 
-0.02 
-5.0 
-0.02 
Vin = 0.8V 
lo(ofl) 
Drain OFF 
(DG202) 
Vs = -14V. 
Vo = 14V 
0.01 
1.0 
0.Q1 
5.0 
nA 
Leakage 
Current 
Vs = 14V. Vo = -14V 
-1.0 
-0.02 
-5.0 
-0.02 


lo(on) 
Drain ON 
Vin = 0.8V 
Vo = Vs = 14V 
0.1 
1.0 
0.1 
5.0 
(Note 4) 
Leakage 
Current 
(DG201A) 
/LA 
Vin = 2.4V 
Vo = Vs = - 
14V 
(DG202) 
-1.0 
-0.15 
-5.0 
-0.15 


INPUT 


IINH 
Input Current 
with 
Vin = 2.4V 
-1.0 
-0.0004 
-1.0 
-0.0004 
/LA 
Voltage 
High 
Vin = 15V 
0.003 
1.0 
0.003 
1.0 


IINL 
Input Current 
with 
Vin = OV 
-1.0 
-0.0004 
-1.0 
-0.0004 
/LA 
Voltage 
Low 


NOTE 1: Signals on Vs. YO. or Vio exceeding V I- or V- 
will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 


4: IDlon)is leakage from driver into ON switch. 


DG201AAlDG202A 
DG201AB, 
C/DG202B, 
C 


Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Units 
Min 
(Note 
2) 
Max 
Min 
(Note 
2) 
Max 


DYNAMIC 


ton 
Turn-ON 
Time 
480 
600 
480 
600 
ns 
See Figure 3 
toff 
Turn-OFF 
Time 
370 
450 
370 
450 
ns 


Q 
Charge 
Injection 
CL = 1000pF, 
Rs = 0, Vs = OV 
20 
20 
pC 


CS(off) 
Source 
OFF 
f = 140 kHz, Vin = 5V, 
5.0 
5.0 
pF 
Capacitance 
Vs = OV 


CO(off) 
Drain OFF 
f = 140 kHz, Vin = 5V, 
5.0 
5.0 
pF 
Capacitance 
Vo = OV 


COlon) + 
Channel 
ON 
f = 140 kHz, Vin = OV, 
16 
16 
pF 
CS(onl 
Capacitance 
Vs = Vo = OV 


DIRR 
OFF Isolation 
Vin = 5V, ZL = 750. 
70 
70 


CCRR 
Crosstalk 
(Channel 
Vs = 2.0V, f = 100 kHz 
dB 


to Channel) 
90 
90 


SUPPLY 


1+ 
Positive 
Supply 
0.9 
2 
0.9 
2 
mA 
Current 
All Channels 
ON or OFF 
1- 
Negative 
Supply 
-1 
-0.3 
-1 
-0.3 
mA 
Current 


TA = over operating 
temperature 
range 


SWITCH 


VANALOG Analog 
Signal 
-15 
15 
-15 
15 
V 
Range 


ROS(on) 
Drain-Source 
Vo = ± 10V, Vin = 0.8V (DG201A) 
250 
250 
0. 


ON Resistance 
Is = 1 mA, Vin = 2AV (DG202) 


IS(off) 
Source 
OFF 
Vin = 2AV 
Vs = 14V, Vo = -14V 
100 
100 
nA 
Leakage 
Current 
(DG201A) 
Vs = -14V, 
Vo = 14V 
-100 
-100 


10(off) 
Drain OFF 
Vin = 0.8V 
Vs = -14V, 
Vo = 14V 
100 
100 
(DG202) 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-100 
-100 


10(on) 
Drain ON 
Vin = 0.8V 
Vo = Vs = 14V 
200 
200 
(Note 4) 
Leakage 
Current 
(DG201A) 
,...A 
Vin = 2AV 
Vo ~ Vs = - 
14V 
(DG202) 
-200 
-200 


INPUT 


IINH 
Input Current with 
Vin = 2AV 
-10 
-10 
,...A 
Voltage 
High 
Vin = 15V 
10 
10 


IINL 
Input Current with 
Vin = OV 
-10 
-10 
,...A 
Voltage 
Low 


NOTE 1: Signals 
on Vs. 
Vo. 
or Vin exceeding 
V+ 
or V- 
will be 
clamped 
by internal 
diodes. 
Limit 
forward 
diode 
current 
to maximum 
current 
ratings. 


2: 
Typical 
values 
are 
for design 
aid only, 
not guaranteed 
and 
not 
subject 
to production 
testing. 


3: 
The 
algebraic 
convention 
whereby 
the 
most 
negative 
value 
is a minimum, 
and 
the 
most 
positive 
is a maximum, 
is used 
in this 
data 
sheet. 


4: 
IO(on) is leakage 
from 
driver 
into ON switch. 


• 


(IIo 
(II 
Co'e. TEST CIRCUITS 
oC.•.o 
(II 
Co' 
Q 
LOGIC· 3V 
INPUT 


\r < 20 ns 
~ < 20 ns 


Vo = VS __ 
R~L__ 


Rl + ROS(on) 


SWITCH 
INPUT 
S, 
Vs =+2V 


SWITCH 
OUTPUT 
Vo 


CL 
1· 


3SPF 


I1VO 


I 
1 
Rs 
Sx 
Vo 
~ 
Vo 


Vs = 
ICL 
= 1000pF 
l 
INx 
\ 
F 
INX 
ON 
OFF 


6.Vo 
= measured 
..••oltage 
error 
due 
to charge 
injection 


The 
error 
voltage 
in coulombs 
is 6.0 
= 
CL = li.VO. 


ANALYZER 


CHAN 
A 


ANALYZER 


CHAN 
A 


DIRR ~ 20 Log I ~ 
I 


I V 
I 
DlRR ~ 20 Log I...§.!. 


V02 
• 


::::. 


~ 
GENERAL 
DESCRIPTION 
c:J 
The DG211 
and DG212 
are low cost, 
CMOS 
monolithic, 
a 
QUAD 
SPST analog 
switches. 
These 
can be used in gener- 
al purpose 
switching 
applications 
for communications, 
in- 
strumentation, 
process 
control 
and 
computer 
peripheral 


equipment. 
Both devices 
provide 
true bidirectional 
perform- 


ance in the ON condition 
and will block signals 
to 30V peak- 
to-peak 
in the OFF condition. 
The DG211 
and DG212 
differ 
only in that the digital 
control 
logic is inverted, 
as shown 
in 
the truth table. 


DG211 
and 
DG212 
are available 
in 16-pin 
Dual-In-Line 
plastic 
packages 
or 16-pin 
small 
outline 
packages 
and are 
rated 
for operation 
over O·C to 70·C. 


FEATURES 


• Switches 
± 15V Analog 
Signals 


• TTL Compatibility 


• Logic 
Inputs 
Accept 
Negative 
Voltages 


• RON';; 175 Ohm 


Part Number 
Temperature 
Package 
Range 


DG211CJ 
O·Cto 
+70·C 
16-Pin Plastic DIP 


DG212CJ 
O·C to +70·C 
16-Pin Plastic DIP 


DG211CY 
O·Cto 
+70·C 
16-Pin SOIC 


DG212CY 
O·Cto 
+70·C 
16-Pin SOIC 


DG211 
DG212 


5, 
5, 


IN, 
IN, 


D, 
D, 


52 
52 


1N2 
1N2 


D2 
D2 


53 
53 


1N3 
1N3 


D3 
D3 


54 
54 


1N4 
IN4 


D4 
D4 


0278-1 
0278-2 


Four SPST Switches 
per Package 
Switches Shown for Logic "1" Input 


Truth Table 


Logic 
DG211 
DG212 


0 
ON 
OFF 


1 
OFF 
ON 


Logic "O"';O.8V 
Logic "1";o,2.4V 


Figure 
1: Functional 
Diagrams 


HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARRANTY 
OBLIGATION 
WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED 
IN THE WARRANTY 
AATlClE 
OF THE 
CONDITION 
OF SALE 
THE WARRANTY 
SHAll 
BE EXCLUSIVE AND SHALL BE IN LIEU OF All 
OTHER WARRANTIES. 
EXPRESS 
IMPLIED OR STATUTORY, 
INCLUDING THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE 
307020-002 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ 
toV- 
44V 
VIN to Ground 
. 
V-, 
v+ 


VL to Ground 
, .....•................. 
-0.3V: 
25V 
Vs or Vo to v+ 
...........•..•..•....• 
, 
0, -36V 
Vs or Vo to v- 
.....•..•..•..•..•..•........... 
0, 36V 


v+ 
to Ground 
.......•............................ 
25V 
V- 
to Ground 
..........................•....... 
-25V 
Current, 
Any Terminal 
Except S or 0.. .....••....... 
30mA 
Continuous 
Current, 
S or 0 
20mA 
Peak Current, 
S or 0 
(Pulsed 
at 1msec, 
10% duty cycle max) 
70mA 
Storage 
Temperature 
-65·C 
to + 125·C 


Operating 
Temperature 
O·C to + 70·C 


Lead Temperature 
(Soldering, 
10sec) 
300·C 


Power 
Dissipation 
(Package)' 


16 Pin Plastic 
DIP" 
470mW 


• Device mounted with all leads soldered or welded to PC board. 
•• 
Derate 6.5mwrc above 25°C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
/0 the device. 
These are stress ratings only 


and functional operation of the device at these or any other conditions 


above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum fating conditions 
for extended 
peri- 


ods may affect 
device 
reliabiNty. 


Test 
Conditions 
Limits 
Symbol 
Parameter 
Vl=+15V, 
V2= 
-15V, 
Units 


VL= 
+5V,GND 
MINll 
Typ2 
MAX 


SWITCH 


VANALOG 
Analog 
Signal Range 
V- 
= -15V, 
VL = +5V 
-15 
15 
V 


ROS(ON) 
Drain-Source 
On Resistance 
Vo= 
±10V, 
VIN=2.4V-DG212 
150 
175 
11 
Is = 1mA, VIN = O.BV - 
DG211 


IS{oll) 
Source 
OFF Leakage 
Current 
VIN=2.4V 
Vs=14V, 
Vo= 
-14V 
0.01 
5.0 
DG211 
Vs= 
-14V, 
Vo=14V 
-5.0 
-0.02 


VIN=O.BV 
Vo=14V, 
Vs= 
-14V 
0.01 
5.0 
10(011) 
Drain OFF Leakage 
Current 
DG212 
nA 


Vo= 
-14V, 
Vs=14V 
-5.0 
-0.02 


10(ON) 
Drain ON Leakage 
Current3 
Vs=Vo= 
-14V, 
VIN=O.BV, 
DG211 
0.1 
5.0 
VIN=2.4V,DG212 
-5.0 
-0.15 


INPUT 


IINH 
Input Current 
With Input Voltage 
High 
VIN=2.4V 
-1.0 
-0.0004 


VIN= 
15V 
0.003 
1.0 
I-'A 


IINL 
Input Current 
With Input Voltage 
Low 
VIN=OV 
-1.0 
-0.0004 


DYNAMIC 


ton 
Turn-ON 
Time 
460 
1000 


toffl 
Turn-OFF 
Time 
See Switching 
Time Test CircuitS 
360 
500 
ns 


toff2 
Vs= 
10V, RL = 1kl1, CL =35pF 
450 


CSloff\ 
Source 
OFF Capacitance 
Vs=OV, 
VIN=5V, 
f=1MHz2 
5 


COfoffl 
Drain OFF Capacitance 
Vo=OV, 
VIN=5V, 
f=1MHz2 
5 
pF 


CO+Slonl 
Channel 
ON Capacitance 
Vo=Vs=OV, 
VIN=OV, 
f= 
1MHz2 
16 


OIRR 
OFF Isolatlon4 


VIN=5V, 
RL = 1kl1, CL = 15pF, 
70 


CCRR 
Crosstalk 
Vs= 
1VRMS, f= 100kHz2 
90 
dB 
(Channel 
to Channel) 


SUPPLY 


1+ 
Positive 
Supply Current 
0.1 
10 


1- 
Negative 
Supply Current 
VIN = 0 and 2.4V 
0.1 
10 
I-'A 


IL 
Logic Supply Current 
0.1 
10 


NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 


2. For design reference only, not 100% tested. 
3. IO(on)is leakage from driver into "ON" switch. 


4. OFF Isolation=20109~' 
VS=input 
to OFF switch, Vo=output. 


5. SWitching times only sampled. 


• 


C\I.•. 
C\I"e. 
Switch 
output 
waveform 
shown 
for 
VS=constant 
with 
.•• 
logic input waveform 
as shown. Note the Vs may be + or 
c:; 
- 
as per switching 
time test circuit. Va is the steady state 
C' 
. output 
with 
switch 
on. Feedthrough 
via gate capacitance 
C 
may result in spikes at leading and trailing edge of output 
waveform. 


SWITCH 
INPUT 
5, 


Vs = 10V 


Figure 3: Switching Time Test Circuit 
Logic shown 
for DG211. 
Invert for DG212. 


(REPEAT 
TEST 
FOR 1N2 
1N3 AND 
1H4) 
v- 
av 
-15V 


Rl 
vo=vs 
---- 
Rl 
+ roS(on) 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The DG300A-303A 
family of monolithic 
CMOS switches 
are a truly compatible 
second 
source of the original manu- 
facturer. 
The switches 
are latch-proof 
and are designed 
to 
block signals up to 30 volts peak-to-peak 
when OFF. Fea- 


turing 
low 
leakage 
and 
low 
power 
consumption. 
these 
switches 
are ideally suited for precision application 
in instru- 
mentation, 
communication, 
data 
acquisition 
and 
battery- 
powered 
applications. 
Other 
key features 
include 
Break- 
Before-Make 
switching. 
TTL and CMOS compatibility. 
and 
low 
ON 
resistance. 
Single 
supply 
operation 
(for 
positive 
switch voltages) 
is possible 
by connecting 
V - 
to 0 volts. 


The DG300A-DG303A 
family is available 
over commer- 
cial. industrial, 
and military temperature 
range. 


FEATURES 


• Low 
Power 
Consumption 


• Break-Before-Make 
Switching 
toll 
130 ns, ton 150 ns 
Typical 


• TTL, CMOS Compatible 


• Low 
ROS(on) (S: SOn) 


• Single 
Supply 
Operation 


• True Second 
Source 


Logic 
Switch 


0 
OFF 


1 
ON 


Logic "0" 
:s;a.BV 


Logic "1" 
~ 4,QV 


·Switches 
Shown for Logic "1" Input 


DG300A/DG301A/ =o 
DG302A/DG303A 
3 
TTL Compatible 
~ 
CMOS Analog Switches 
S 


C') 
ORDERING INFORMATION 
g.... 
ce 
9"o 
C') 
c:Ia.... 
ceoo 
C')g 


Part Number 
emperature 
Range 
Package 


DG300A/301 
AI 
-SSoC to +12SoC 
14-Pin 
CERDIP 


302A/303AAK 


DG300A/301AI 
-2SoC 
to +8SoC 
14-Pin 
CERDIP 


302A/303ABK 


DG300A/301 
AI 
OOCto +700C 
14-Pin 
CERDIP 
302A/303ACK 


DG300A/301A/ 
OoC to +700C 
14-Pin 
P.lastic DIP 


302A/303ACJ 


DG300A/301 
AAA 
-SSoC to +12SoC 
1O-Pin Metal Can 


DG300A/301 
ABA 
-2SoC 
to +8SoC 
1O-Pin Metal Can 


DG303ACY 
OOCto +700C 
16-PinSOIC 


Metal 
Can Package 


Y+(SUBSTRATE 
ond 
CASE) 


16 Lead 
SOIC 
TOP VIEW 
• 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPAESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE 


iii 
Mt:li:tl 
'-'cUI 
,..-aC;Kage 
.... 
C 
Y+(SUBSTRATE and CASE) 
N 
S, 
0, 
0 
CO) 
"a 
°2 
S, 
S2 
.... 
S2 
C 
'P'0 
NC 
CO) 
"a 
IN 
.... 
C0 
0091-5 
0 
TopYlew 
CO) 
0091-4 


" 


One SPOT Switch per Package· 
a 
Truth 
Tableoo 


Logic 
SW1 
SW2 


0 
OFF 
ON 


1 
ON 
OFF 


Logic 
Switch 


0 
OFF 


1 
ON 


Logic 
SW1 
SW3 


SW2 
SW4 


0 
OFF 
ON 


1 
ON 
OFF 


Two SPOT Switches 
per Package· 


Figure 
1: Functional 
Diagrams 
(Continued) 


Top View 


·Switches 
Shown for Logic "1" 
Input 
• tLogic "0" 
~ O.8V, Logic "1" 
~ 4.QV 


Figure 
2: Pin 
Configurations 


(Continued) 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ 
to v- 
.44V 


V - to Ground 
- 25V 


VIN to Ground 
(Note 1) ....•....... 
(V- 
- 
2V), (V+ 
+ 2V) 


VSorVotoV+ 
(Note 1) 
+2, 
(V- 
- 
2V) 


Vs or VD to V- 
(Note 1) 
-2, 
(V+ 
+ 2V) 


Current, 
Any Terminal 
Except S or D 
30 mA 


Continuous 
Current, 
S or D 
30 mA 


Peak Current, 
S or D 
(Pulsed 
at 1 ms, 10% duty cycle maxI 
100 mA 


Operating 
Temperature 
C Sullix 
O·C to + 70·C 
B Suffix 
. 
- 25·C to + 85·C 
A Sullix 
- 55·C to + 125·C 


(')g 


Storage 
Temperature 
C 
C Suffix 
- 65·C to + 125·C 
C'C 
A & B Suffix 
- 65·C to + 150·C 
0 


Lead Temperature 
(Soldering, 
10s) 
300·C 
(') 


Power 
Dissipation' 
g 
CERDIP 
Package" 
.....•...........•..•..... 
825 mW C 
Plastic 
Package'" 
.470 mW 
••• 
Metal Can ••••............................. 
.450 mW 
0 
(')g•..• 
oCoo 
(')g 


-Device mounted with all leads soldered or welded to PC board. 
"Derate 
11 mwrc above 75'C 


···Oerate 
6.5 mwrc above 25°G 


•••• Derate 6 mwrc above 75°C 


NOTE: 
Stresses above those listed under ''Absolute Maximum Ratings" 


may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
see/ions 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions 
lor extended 
peri- 


ods may affect 
device reliability. 


DG300A-DG303AA 
DG300A-DG303AB/C 


Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Unit~ 
Min 
(Note 
2) 
Max 
Min 
(Note 
2) 
Max 


SWITCH 


VANALOG 
Analog 
Signal Range 
Is = 
10 mA, VIN = 0.8Vor4V 
-15 
15 
-15 
15 
V 


RDS(on) 
Drain-Source 
IS = 
-10 
mA, 
30 
50 
30 
50 
ON Resistance 
VD = 
10V 
n 


Is = 
10mA, 
30 
50 
30 
50 
VD = 
~10V 


IS(off) 
Source OFF 
Vs = 
14V, 
0.1 
1 
0.1 
5 
Leakage 
Current 
VIN = 0.8V 
VD = 
-14V 
nA 
or 
VS= 
-14V, 
-1 
-0.1 
-5 
-0.1 


VIN = 4.0V VD = 
14V 


10(off) 
Drain OFF 
Vs = 
-14V, 
0.1 
1 
0.1 
5 
Leakage 
Current 
Vo = 
14V 
nA 
Vs = 
14V, 
-1 
-0.1 
-5 
-0.1 
Vo= 
-14V 


10(on) 
Drain ON 
Vo = Vs = 
14V 
0.1 
1 
0.1 
5 
nA 
Leakage 
Current 
Vo~Vs=-14V 
-2 
-0.1 
-5 
-0.1 


INPUT 


IINH 
Input Current 
VIN = 5.0V 
-1 
-0.001 
-1 
-0.001 
",A 
w/Voltage 
High 
VIN = 
15V 
0.001 
1 
0.001 
1 


IINL 
Input Current 
VIN = OV 
-1 
-0.001 
-1 
-0.001 
",A 
w/Voltage 
Low 


DYNAMIC 


on 
Turn-ON 
Time 
See Figure 5 
150 
300 
150 
ns 


off 
Turn-OFF 
Time 
130 
250 
130 
ns 


on-toff 
Break-Belore-Make 
See Figure 4 DG301 Al303A 
50 
50 
Interval 
ns 


c:l 
Charge 
Injection 
CL = 
1 ",F, Rs = 0, Vs = 0 
3 
3 
mV 


~S(offl 
Source OFF Capacitance 
1= 
1 MHz, Vs = 0 
14 
14 
pF 


rDloffl 
Drain OFF Capacitance 
VIN = 0.8V Vo = 0 
14 
14 
pF 
or 
f..'Olon) + CSlon) Channel 
ON Capacitance 
VIN = 4.0V Vs = Vo = 0 
40 
40 
pF 


• 


• 
C')o 
C') 
g 
ELECTRICAL 
CHARACTERISTICS 
.•.•• 
(IIo 
C') 
" 
Q.•.••,.o 
C') 
" 
Q.•.••oo 
C')g 


DG300A-DG303AA 
DG300A-DG303AB/C 


Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Units 
Min 
(Note2) 
Max 
Min 
(Note 
2) 
Max 


DYNAMIC 
(Continued) 


CIN 
Input Capacitance 
f = 
1 MHz 
IVIN = 0 
6 
6 
pF 
IVIN 
= 
15V 
7 
7 


DIRR (Note 4) 
OFF Isolation 
VIN = O. RL = 
1k 
62 
62 


CCRR 
Crosstalk 
Vs = 
1VRMS. f = 500 kHz 
dB 


(Channel 
to Channel) 
74 
74 


SUPPLY 


1+ 
Positive 
Supply Current 
VIN = 4V (One Input) 
0.23 
0.5 
0.23 
0.5 
mA 


1- 
Negative 
Supply Current 
(All Others 
= 0) 
-10 
-0.001 
-10 
-0.001 
f.'A 


1+ 
Positive 
Supply Current 
VIN = 0.8V (All Inputs) 
0.001 
10 
0.001 
10 
f.'A 


1- 
Negative 
Supply Current 
-10 
-0.001 
-10 
-0.001 
f.'A 


DG300A - DG303AA 
DG300A-DG303AB/C 


Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Units 
Min 
(Note 
2) 
Max 
Min 
(Note 
2) 
Max 


!sWITCH 


IvANALOG Analog 
Signal Range 
Is = 
10 mA. VIN = 0.8V or 4V 
-15 
15 
-15 
15 
V 


ROS(on) 
Drain-Source 
Is= 
-10mA.Vo= 
10V 
75 
75 
n 
ON Resistance 
Is = 
10 mA. Vo = 
-10V 
75 
75 


IS(off) 
Source 
OFF 
Vs = 
14V. Vo = 
-14V 
100 
100 
nA 
Leakage 
Current 
VIN = 0.8V Vs = 
-14V. 
Vo = 
14V 
-100 
-100 
or 
10(off) 
Drain OFF 
VIN = 4.0V Vs = 
-14V. 
Vo = 
14V 
100 
100 
nA 
Leakage 
Current 
Vs = 
14V. Vo = 
-14V 
-100 
-100 


10(on) 
Drain ON 
Vo = Vs = 
14V 
100 
100 
nA 
Leakage 
Current 
Vo=Vs= 
-14V 
-200 
-200 


INPUT 


IINH 
Input Current 
VIN = 5.0V 
-1 
f.'A 
wlVoltage 
High 
VIN = 
15V 
1 


IINL 
Input Current 
VIN = OV 
-1 
f.'A 
wlVoltage 
Low 


!sUPPLY 


1+ 
Positive 
Supply Current 
VIN = 4V (One Input) 
1 
mA 


1- 
Negative 
Supply Current 
(All Others 
= 0) 
-100 
f.'A 


1+ 
Positive 
Supply Current 
VIN = 0.8V (All Inputs) 
100 
f.'A 


1- 
Negative 
Supply Current 
-100 
f.'A 


NOTE 1: 
Signals 
on VS, 
Vo. 
or VIN 
exceeding 
V+ 
or V- 
will be 
clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to maximum 
current 
ratings. 


2: 
For design only, not 100% tested. 


3: 
The 
algebraic 
convention 
whereby 
the 
most 
negative 
value 
is a minimum, 
and 
the 
most 
positive 
value 
is a maximum, 
is used 
in this 
data 
sheet. 


4: 
OFF 
isolation 
= 20 
log VS/Vo. 
where 
Vs = input 
to OFF 
switch, 
and 
Vo 
= 
output. 


va 
I CL= 10,000 pF 


tJ.Vo tJ.Measured 
Voltage 
Error Due to Charge 
Injection. 


The Error Voltage in Coulombs is .6.0 = CL x 
!i.Va- 


LOGIC 


INPUT 


1,<20 ns 
OV 
1,<20 ns 
Vs 
SWITCH 


OUTPUT 
OV 


V 
LOGIC "," 
=SWITCH ON 


~Op~~ OV---.::J 
507. 
\: 
_ 


Vs, 


SWITCH 
~ 


OUTPUT 
VO, ~--:::;-'~ 
IBBW ------J~~ 


VS2 


SWITCH V02 
507. 


OUTPUT 
OV ••••------....1. 


S, 


Vs, =3V 
S2 
VS2 =3V 


SWITCH 
OUTPUT 
Vo, 


V02 
• 


GENERAL DESCRIPTION 


The 
DG308A/DG309 
quad 
monolithic 
SPST 
CMOS 
switches 
are latch-proof 
and are designed 
to block 
signals 
up to 30 volts 
peak-to-peak 
when 
OFF. 
Featuring 
low ON 
resistance, 
low power 
consumption, 
and 
rail-to-rail 
analog 
signal 
range, 
these 
switches 
are 
ideally 
suited 
for 
high 
speed switching 
applications 
in communications, 
instrumen- 
tation 
and process 
control. 
The DG308A 
"normally-closed" 


and DG309 
"normally-open" 
switches 
have single and dual 
supply 
capability. 
The input thresholds 
are CMOS 
compati- 
ble. 


The 
DG308A/DG309 
switches 
are 
available 
over 
com- 


mercial, 
industrial, 
and military 
temperature 
ranges. 


• Low 
Power 
Consumption 


• CMOS 
Compatible 
• ± 15V Analog 
Signal 
Range 


• Single 
or Dual Supply 
Capability 


• Alternate 
Source 


Part Number 
Temperature 
Range 
Package 


DG308AAK/309AK 
- 55"C to + 125"C 
16-Pin CERDIP 


DG308ABK/309BK 
- 25"C to + 85"C 
16-Pin CERDIP 


DG308ACK/309CK 
O"C to +70"C 
16-Pin CERDIP 


DG308ACJ/309ACJ 
O"Cto 
+70"C 
16-Pin Plastic DIP 


DG308ACY 
1309CY 
O"Cto 
+70"C 
16-Pin SOIC 


DG308A 
DG309 


SI 
SI 
IN1 
IN1 


°1 
0, 


S2 
S2 
IN2 
IN2 


°2 
°2 
SJ 
SJ 
INJ 
INJ 


°3 
°3 


S. 
S. 


IN. 
IN. 
0. 
0. 


0110-1 
0110-2 


Four 
SPST 
Switches 
Per 
Package 


Truth 
Table 


Logic 
DG308A 
DG309 


0 
OFF 
ON 


1 
ON 
OFF 


Logic "0" 
" 3.5V 


Logic "1" ~ l1V 


Switches Shown for Logic "'" 
Input 
Figure 
1: Functional 
Diagrams 


16 
LEAD 
DIP 
16 
LEAD 
sOle 
TOP 
VIEW 


IN2 
°2 


S2 


V+ (Substrate) 


Ne 


S3 
°3 
IN3 


HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARRANTY 
OBLIGATION 
WITH RESPECT TO THIS PAODUCT 
SHAll 
BE THAT STATED IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, 
EXPRESS, IMPLIED OR STATUTORY, 
INCLUDING THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS FOA A PARTICULAR USE 


V+ 
to V- 
44V 


V - to Ground 
- 25V 


Vin to Ground 
(Note 1) 
(V- 
- 
2V). (V+ 
+ 2V) 


VSorVDtoV+ 
(Note 
1) 
+2.(V- 
- 
2V) 


VsorVDtoV-(Note 
1) 
~2. 
(V+ 
+ 2V) 


Current. 
Any Terminal 
Except 
S or D 
30 mA 


Continuous 
Current. 
S or D 
20 mA 


Peak Current. 
S or D 
(Pulsed at 1 ms. 10% duty cycle max) 
70 mA 


Operating 
Temperature 


C Suffix 
O·C to + 70·C 
B Suffix 
- 25·C to + 85·C 
A Suffix 
- 55·C to + 125·C 


Storage 
Temperature 
C Suffix 
- 65·C to + 125·C 


A & B Suffix 
- 65·C to + 150·C 


Lead Temperature 
(Soldering. 
10 see) 
300·C 


Power 
Dissipation' 


CERDIP 
Package" 
900 mW 
Plastic 
Package'" 
470mW 


•Device mounted with all leads soldered or welded to PC board. 
"Derate 
12 mwrc above 7S-C 
"'Derate 
6.5 mwrc 
above 25°C 


NOTE: Stresses above 
those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
to the device. 
These are stress ratings only 
and functional operation 01 the device at these or any other conditions 


above 
those 
indicated 
in the 
operational 
sections 
of the specifications 
is not 
implied Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Symbol 
Parameter 
•Test 
Conditions 
DG308AA. 
DG309A 
DG308AB/C,DG309B/C 
Units 


Mln 
Typ(Note 
2) 
Max 
Min 
1Typ(Note 
2) 
Max 


SWITCH 


VANALOG 
Analog 
Signal 
Range 
-15 
15 
-15 
15 
V 


RoSlon) 
Drain-Source 
ON 
Vin = l1V 
IS ~ 
,1 
mA. Vo ~ 
-10V 
60 
100 
60 
100 
0 
Aesistance 
(DG308A) 
IS = 1 mA. Vo = -10V 
60 
100 
60 
100 


lo(on) 
Drain ON 
Vin ~ 
3.5V 
Vo ~ Vs ~ 
14V 
0.1 
1 
0.1 
5 
nA 


Leakage 
Current 
(DG309) 
Vo~VS~-14V 
-2 
-0.1 
-5 
-0.1 


IS(Off) 
Source 
OFF 
Vin ~ 3.5V 
Vs 
~ 
14V, Vo = -14V 
0.1 
1 
0.1 
5 
nA 


Leakage 
Current 
(DG308A) 
Vs ~ 
-14V. 
Vo = 14V 
-1 
-0.1 
-5 
-0.1 


loloff) 
Drain OFF 
Vin ~ 
l1V 
Vs 
~ 
-14V. 
Vo = 14V 
0.1 
1 
0.1 
5 


Leakage 
Current 
(DG309) 


nA 
Vs 
~ 
14V. Vo = -14V- 
-1 
-0.1 
-5 
-0.1 


INPUT 


I'NH 
Input Current 
V'n ~ 
15V 
0.001 
1 
0.001 
1 
p.A 


wI Voltage 
High 


I'NL 
Input Current. 
V'n ~ OV 
-1 
-0.001 
-1 
-0.001 
p.A 
wlVoltage 
Low 


DYNAMIC 


Ion 
Turn-ON 
Time 
See Figure 4 
130 
200 
130 
200 
ns 


loff 
Turn-OFF 
Time 
90 
150 
90 
150 
ns 


Q 
Charge 
Injection 
CL ~ 
1 p.F. Rs ~ 0, Vs 
~ 0 
-10 
-10 
pC 


CS(ofO 
Source 
OFF 
Vs 
~ 0 
Capacitance 
Vin = OV (DG308A 
11 
11 
pF 


Vin ~ 
15V (DG309) 


ColOff) 
Drain OFF 
f ~ 
140kHz 
Vo ~ 0 
Capacitance 
Vin = OV (DG308A) 
8 
8 
pF 


Vin ~ 
15V (DG309) 


COlon) + CSlon) 
Channel 
ON 
Vs = Vo = 0 
Capacitance 
Vin ~ 
15V (DG308A) 
27 
27 
pF 


Vin ~ 
OV (DG309) 


OIRR 
(Note 
4) 
OFF Isolation 
Vin = OV (DG308A) 


Vin ~ 
15V (DG309) 
78 
78 
dB 


ZL = 750. 
Vs = 2Vp_p f = 500 kHz 


•• 


01o 
C') 
g 
ELECTRICAL 
CHARACTERISTICS 
• 
coo 
C')g 


Positive6upply 
Current 
All Channels 
"ON" 
or "OFF" 


Negative 
SUI!lPly Current 
Vin = OV or 15V 


DG308AA, DG309A 
DG308AB/C, 
DG309B/C 
Symbol 
Parameter 
Test Conditions 
Typ 
Typ 
Units 
Min 
(Note 2) 
Max 
Min 
(Note 2) 
Max 


SWITCH 


VANALOG Analog Signal Range 
-15 
15 
-15 
15 
V 


RoS(on) 
Drain-Source ON 
Vin = l1V 
Is = -1 
mA, Vo = 10V 
150 
125 
n 
Resistance 
(DG308A) 
Is = 1 mA, Vo = 
-10V 
150 
125 


lo(on) 
Drain ON 
Vin ~ 3.5V Vo ~ Vs ~ 14V 
100 
200 
nA 
Leakage Current 
(DG309) 
Vo=Vs=-14V 
-200 
-200 


IS(ott) 
Source OFF 
Vin = 3.5V Vs ~ 14V, Vo ~ 
-14V 
100 
100 
nA 
Leakage Current 
(DG308A) 
Vs = 
-14V, 
Vo = 14V 
-100 
-100 


lo(off) 
Drain OFF 
Vin = llV 
Vs ~ 
-14V, 
Vo ~ 14V 
100 
100 
Leakage Current 
(DG309) 
nA 
Vs = 14V, Vo = 
-14V 
-100 
-100 


INPUT 


IINH 
Input Current 
Vin = 15V 
1 
1 
J1.A 
wI Voltage High 


IINL 
Input Current 
Vin = OV 
-1 
-1 
J1.A 
w/Voltage 
Low 


SUPPLY 


1+ 
Positive Supply Current 
Vin = OVor 15V 
I 
100 I 
I 
100 
J1.A 


1- 
Negative Supply Current 
-100 
I 
I 
-100 
I 
J1.A 


NOTES 1: Signals on Vs. Vo or Vin exceeding V+ 
or v~ 
will be clamped by internal diodes. 
Limit diode forward current to maximum current ratings. 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 


4: OFF isolation = 20 log VO/VS. where Vs = input to OFF switch, and Vo = output. 


LOGIC 
INPUT 
t,< 20 ns 
tr< 20 ns 


SWITCH 
INPUT 


RL 
Vo=Vs 
RL+'OS(on) 
V1NH=15V 


0110-4 
VINL= ov 


Figure 
3: ton and toll Switching 
Test 


• 


Features 


• Analog Voltage Range .....•.................. 
±15V 


• Analog Current 
Range 
SOmA 


• Turn-On 
Time 
240ns 


• Low RON 
550 


• Low Power Dissipation 
15mW 


• TTLICMOS 
Compatible 


Applications 


• High Frequency 
Analog Switching 


• sample 
and Hold Circuits 


• Digital Filters 


• Operational 
Amplifier 
Gain Switching 
Networks 


Description 


HI-200 is a monolithic device comprising two independent- 
ly selectable SPST switches which feature fast switching 
speeds 
(240ns) 
combined 
with 
low 
power 
dissipation 
(15mW 
at 
+250C). 
Each 
switch 
provides 
low 
"ON" 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to BOmA.Employing 
Dielectric 
Isolation 
and 
CMOS 
processing, 
HI-200 
operates without any applications 
probiems 
induced 
by 
latch-up or SCR mode phenomena. 


All devices provide break-before-make 
switching and are 
TIL and CMOS compatible for maximum application versa- 
tility. HI-200 is an ideal component for use in high frequen- 
cy analog switching. 
Typical applications 
include signal 
path switching, sample and hold circuit, digital filters, and 
op amp gain switching networks. 


HI-200 
is available 
in 
DIP and 
(TO-99) 
Metal 
Cans. 
HI-200-2 
is specified from -550C 
to +1250C 
while HI- 
200-5 operates from OOCto +750C. HI-200 is functionally 
and 
pin 
compatible 
with 
other 
available 
"200 
series" 
switches. 


" '~f" 
"' 


, 
IJ 


'" 
1 
11 


4: 
I 
11 


IN, 
:::SJ P-': 
OUT2 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI2-0200-5 
OOCto +75oC 
10-Pin Metal Can 
Hll-0200-5 
OOCto +750C 
14-Pln CERDIP 
HI2-0200-4 
-250C 
to +850C 
10-Pln Metal Can 
HI3-0200-5 
OOCto+750C 
14-Pin Plastic 
DIP 
HI2-0200-7 
OOCto + 750C + 96 Hr. Burn-In 
10-Pln Metal Can 
Hll-0200-7 
COCto + 750C + 96 Hr. Burn-In 
14-Pin CERDIP 
HI1-0200-2 
-550C 
to +1250C 
14-Pin CERDIP 
Hll-0200-4 
-250C 
to +850C 
14-Pln CERDIP 
HI2-0200-2 
-550C 
to +1250C 
10-Pin Metal Can 


Absolute 
Maximum Ratings 


Supply 
Voltage 
. 
44V(±22) 
VREF to Ground 
............•......••.............. 
+20V, 
-5V 


Digitallnput 
Voltage 
+VSUPPL 
Y +4V 


-VSUPPL 
Y -4V 
Analog 
Input Voltage 
(One Switch) 
.....•...... 
+VSUPPLY 
+2.0V 


-VSUPPL 
Y -2.0V 
Total 
Power 
Dissipation' 
450mW 


Operating 
Temperature 
Range 


HI-2oo-2 
-550C 
to +1250C 
HI-2oo-4. 
. . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . .. 
-250C 
to +850C 


HI-2oo-5 
...................•.......•.......... 
OOC to + 750C 
Storage 
Temperature 
........•.•......•...... 
-650C 
to +1500C 


Electrical Specifications 
Unless 
Otherwise 
Specified: 
Supplies = +15V, 
-15V; 
VREF = Open; 
VAH (Logic 
Level High) = 2.4V, 


VAL (Logic 
Level 
Low) = +0.8V 


HI-200-2 
HI-200-S" 
-550C 
to +12SoC 
OOCto+7SoC 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


VS, Analog 
Signal 
Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 


RON, On Resistance 
(Note 
1) 
+25OC 
- 
55 
70 
- 
55 
80 
(1 


Full 
- 
80 
100 
- 
72 
100 
(1 


IS(OFFj, 
Off Input Leakage 
Current 
(Note 6) 
+250C 
- 
1 
5 
- 
1 
50 
nA 


Full 
- 
100 
500 
- 
10 
500 
nA 


ID(OFF), 
Off Output 
Leakage 
Current 
(Note 6) 
+250C 
- 
1 
5 
- 
1 
50 
nA 


Full 
- 
100 
500 
- 
10 
500 
nA 


ID(ON), 
On Leakage 
Current 
(Note 6) 
+250C 
- 
1 
5 
- 
1 
50 
nA 


Full 
- 
100 
500 
- 
10 
500 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 


VAH, Input High Threshold 
Full 
2.4 
- 
- 
2.4 
- 
- 
V 


lA, Input Leakage 
Current 
(High or Low) (Note 2) 
Full 
- 
- 
1.0 
- 
- 
1.0 
IlA 


SWITCHING 
CHARACTERISTICS 


tOPEN, 
Break-Before 
Make 
Delay (Note 3) 
+250C 
- 
60 
- 
- 
60 
- 
ns 


tON, Switch 
On Time 
+250C 
- 
240 
500 
- 
240 
- 
ns 


tOFF, 
Switch 
Off Time 
+250C 
- 
330 
500 
- 
500 
- 
ns 


"Off 
Isolation" 
(Nole 4) 
+250C 
- 
70 
- 
- 
70 
- 
dB 


CS(OFF), 
Input Switch 
Capacitance 
+250C 
- 
5.5 
- 
- 
5.5 
- 
pF 


CD(OFF),} 
Output 
Switch 
Capacitance 
+250C 
- 
5.5 
- 
- 
5.5 
- 
pF 


CD(ON), 
+250C 
- 
11 
- 
- 
11 
- 
pF 


CA, Digital 
Input Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


CDS(OFF), 
Drain- To-Source 
Capacitance 
+250C 
- 
0.5 
- 
- 
0.5 
- 
pF 


POWER 
REQUIREMENTS 
(Note 5) 


PD' Power 
Dissipation 
+250C 
- 
15 
- 
- 
15 
- 
mW 


Full 
- 
- 
60 
- 
- 
60 
mW 


1+, Current 
+250C 
- 
0.5 
- 
- 
0.5 
- 
mA 


Full 
- 
- 
2.0 
- 
- 
2.0 
mA 


1-, Current 
+250C 
- 
0.5 
- 
- 
0.5 
- 
mA 


Full 
- 
- 
2.0 
- 
- 
2.0 
mA 


NOTES: 


,. 
VOUT 
~ ±10V, 
lOUT = lmA 


2. Digital 
Inputs 
are 
MOS 
gates 
- 
Typical 
Leakage 
is Less 
Than 
1 nA. 


3. V AH = 4.0V. 


4. VA = 5V. 
RL = 1 kO, 
CL = 'OpF. 
Vs 
~ 3VRMS, 
f ~ 
'OOkHz. 


5. VA = +3V 
or VA = OV for 
Both 
Switches. 


6. Refer 
to leakage 
Current 
Measurement 
Diagram 
on 
Page 
3-8. 


• 


o 
~ 
Schematic 
Diagrams 


..l. 
TTl/CMOS 
REFERENCE 
CIRCUIT 
J: 
V-REF 
CELL 


ALL N-CHANNEL 
BODIES TO v- 


ALL P-CHANNEL 
BODIES TO V+ 
EXCEPT AS SHOWN. 


Performance 
Characteristics 
and Test Circuits 
Unless Otherwise Specified: 
TA = +250C"VSUPPLY = ±15V. VAH = 2.4V. VAL = a.8V and VREF = Open 


ON 
RESISTANCE 
vs. ANALOG 
SIGNAL 
LEVEL, 


SUPPLY 
VOLTAGE 
AND 
TEMPERATURE 


lmA 
- 
v, 
- 
v, - 
RON = lmA 


IN 
~ 
~ 
OUT 


-'V,N 
::: t 
HI-20a 


-= 


ON 
RESISTANCE 
vs. TEMPERATURE 


80 


70 
-- 
VIN" 
OV 
--- 
60 
~ 
I---- 


~ 
-- 
50 
---- 
--- 
40 - 
t!~ 30 
<5 


10 


10 


0 


-50 
-15 
0 
+15 
+50 
+75 
+100 
+125 


Ambient Temperature - oc 


(HI-200) 


ON 
RESISTANCE 
vs. ANALOG 
SIGNAL 
LEVEL 
AND 
POWER 
SUPPLY 
VOLTAGE 


100 


I 
v+ 
= +10V 
v- "-IOV 
-- 


;7 
/' 
r-- 
- 
- 
~ 


V+-+l1.5V 
,...- 
" - 


V-"-11·5YV+"+15V 
~ 


~ 
50 
'"'-- 


~V 
__ 


~ 
<5 


0 
-15 
-10 
-5 
0 
+5 
+10 
+15 


Analog Signallellel- 
Volts 


• 


Performance 
Characteristics 
and Test Circuits 
(Continued) 


SWITCH 
LEAKAGE 
CURRENT 
vs. TEMPERATURE 
(HI-200) 
OFF 
LEAKAGE 
CURRENT 
vs. 


'00 
TEMPERATURE 


/ 
'510'" 
'OIOFFI 


/ 
IN ~ 
OUT 
A 
A 


HI-200 
/ 


±14V -=- 
-- 
'+14V 


I 
I 


ISIOFFJ/10IO'r 
-= 


10 


/ 
/ 
/ 
/ 
~ 
/ 
/ 
ON 
LEAKAGE 
CURRENT 
vs. 
/ 
/ 


TEMPERATURE 
j 


10/ 


10107 


IN 


""- 
OUT 


HI-200 


/ 


/ 
~IOIONI 
/ 
/ 
~!:14V 
I-= 


0.1 / 


+250C 
+500C 
+750C 
+1000C 
+12SoC 


Temperature 


SWITCH 
CURRENT 
vs. VOLTAGE 
SWITCH 
CURRENT 
vs. 
90 
VOLTAGE 
L.-- 


80 
....- 


~ 


,.,..,... 


70 
", 


60 
/' 
~' 


<t 
V 
.i. tV1N 
-= 
E 


~ 
50 
/ 
-= 


8 40 
, 


~ 30 
./ 
/ 
20 


10 
/ 


0/ 
0 
tl 
t2 
t3 
t4 
t5 
t6 
±7 


Voltage Across Switch - Volts 


Performance 
Characteristics 
and Test Circuits 
(Continued) 


(HI-200) 


SWITCH 
TIME 
vs. TTL 
LOGIC 
LEVEL 
ON/OFF 
SWITCH 
TIME 
vs. 
LOGIC 
LEVEL 


500 
9+ 
lOV 
IN 


\ 
-[>__~6 
400 
\ 
- 


tOFF 
HI-200 
(') 
f\. 
- 


•.••. BREAK-BEfORE-MAKE 


300 
~ 
OUT 


~ 
loIN_24Ls_ I-- 
.n 
VA 
lK 
::~ 
35pF 
.•••...~ 


200 
":" 
MAKE 
8EFORE~_ 
"- 


BREAK 
":" 


100 


0 


2.5 
3.0 
3.5 
4.0 
4.5 
5.0 


TTllogic 
level 
(VAHI- 
Volts 


Switching 
Waveforms 


DIGITAL 
VA "'4.0V 


INPUT 
\ 


50% '\ 
VA" 
O.O~ 


50% 
J 


-tOFF- 


-tON 
90% 


SWITCH 
OV 
10% 
OUTPUT 


tON, 
tOFF 
(lTL INPUT) 
tON, 
tOFF 
(CMOS 
INPUT) 


VAH = +4.0V 
VREF = OPEN, 
VAH = +15V 


r 


I 
I 
U 
IJ 
\. 


TOP: 
TTl 
Input 
VERTICAL: 
2V/Div. 
TOP: 
CMOS 
Input 
VERTICAL: 
5V/Div. 


BOTTOM: 
Output 
HORIZONTAL: 
200ns/Div. 
BOTTOM: 
Output 
HORIZONTAL: 
200ns/Div. 


• 


mHARRIS 


Features 


• Analog 
Voltage 
Range 
••••••••.••••••••••••••• 
±15V 


• Analog 
Current 
Range •..•.••..••.....•.•••.. 
80mA 


• Turn-On 
Time •.............................. 
185ns 


• Low RON •••••••.••••••....................... 
550 


• Low Power Dissipation 
..•.......•.•........• 
15mW 


• TTL/CMOS 
Compatible 


Applications 


• High Frequency 
Analog 
Switching 


• Sample 
and Hold Circuits 


• Digital 
Filters 


• Operational 
Amplifier 
Gain Switching 
Networks 


HI-201 


Description 


HI-201 is a monolithic device comprising 
four independent- 
ly selectable 
SPST switches 
which feature fast switching 
speeds 
(185ns) 
combined 
with 
low 
power 
dissipation 
(15mW 
at 
+250C). 
Each 
switch 
provides 
low 
"ON" 


resistance 
operation 
for 
input 
signal 
voltages 
up to the 
supply rails and for signal currents up to 80mA. Employing 
Dielectric 
Isolation 
and 
CMOS 
processing, 
HI-201 
operates 
without 
any applications 
problems 
induced 
by 
latch-up 
or SCR mode phenomena. 


All devices provide break-before-make 
switching 
and are 
TIL and CMOS compatible for maximum application versa- 
tility. HI-201 is an ideal component for use in high frequen- 
cy analog 
switching. 
Typical 
applications 
include 
signal 
path switching, 
sample and hold circuit, digital filters, and 
op amp gain switching 
networks. 


HI-201 
is available 
in a 16 lead Dual-In-Line 
package. 


HI-201-2 
is specified 
from -550C 
to +1250C 
while 
HI- 
201-5 operates from OOCto +750C. HI-201 
is functionally 
and 
pin 
compatible 
with 
other 
available 
"200 
series" 


switches. 


HI1-201-X 
16 PIN DIP 
TOP VIEW 


A2 


OUT2 


IN2 


V- 
V+ 


VREF 


IN3 


OUT3 


HI-201 
20 PIN PLCC. LCC 
TOP VIEW 


PARTNUMBER 
TEMPERATURERANGE 
PACKAGE 


Hll-0201-7 
OoCto +750C +96 Hr.Burn-In 
16-Pin CeramicDIP 
Hll-0201-5 
OoCto +750C 
16-Pin CeramicDIP 
Hll-0201-4 
-250C to +850C 
16-Pin CeramicDIP 
H14P0201-5 
OOCto+750C 
20-Pin PLCC 
H19P0201-5 
OOCto+750C 
16-Pin SOIC 
H19P0201-9 
-400C to +850C 
16-PinSOIC 
HI1-0201-2 
-550C to +1250C 
16-Pin CeramicDIP 
HI3-0201-S 
OOCto+750C 
16-Pin PlasticDIP 


,---------------------------------------------------,,... o 
N 
...!. 
:I: 
Supply 
Voltage 
Between 
Pins 4 and 13 
44V (±22) 


VREF to Ground 
. 
+20V,-5V 


Digitallnput 
Voltage 
+VSUPPL 
Y +4V 


-VSUPPL 
Y -4V 
Analog 
Input Voltage 
(One Switch) 
.......•.... 
+VSUPPLY 
+2.0V 


-VSUPPL 
Y -2.0V 
Analog 
Current 
- 
Continuous, 
Peak 
....•••........ 
30mA, 
80mA 


Total Dissipation* 
750mW 


HI-201-2 
-550C 
to + 1250C 


HI-201-4 
. . . . . . 
. . . . . . . . . . . 
. . . . . • . .. . .. 
-250C 
to +850C 


HI-201-5... 
. ...••........ 
00Cto+750C 


Storage 
Temperature. 
.. 
. ...••.... 
-650C 
to +1500C 


Electrical Specifications 
Unless 
Otherwise 
Specified: 
Supplies = + 15V, -15V; 
VREF = Open; 
VAH (Logic 
Level High) = 2.4V, 


VAL (Logic 
Level 
Low) = +0.8V 
For Test Conditions 
Consult 
Peformance 
Characteristics 


HI-201-2 
HI-201-S** 


-550C 
to +12SoC 
OOCfo+7SoC 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


VS, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 


RON, On Resistance 
(Note 
1) 
+25OC 
55 
70 
55 
80 
!l 


Full 
80 
100 
75 
100 
!l 


IS(OFF)' 
Off Input Leakage 
Current 
(Note 6) 
+25OC 
2 
5 
2 
50 
nA 


Full 
500 
250 
nA 


ID(OFF), 
Off Output 
Leakage 
Current 
(Note 6) 
+250C 
2 
5 
2 
50 
nA 


Full 
35 
500 
35 
250 
nA 


ID(ON), 
On Leakage 
Current 
(Note 6) 
+250C 
2 
5 
2 
50 
nA 


Full 
500 
250 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
Full 
0.8 
0.8 
V 


VAH, Input High Threshold 
Full 
2.4 
2.4 
V 


lA, Input Leakage 
Current 
(High 
or Low) (Note 2) 
Full 
1.0 
1.0 
!JA 


SWITCHING 
CHARACTERISTICS 


tOPEN, 
Break-Before 
Make 
Delay (Note 3) 
+250C 
30 
30 
ns • 


tON, Switch 
On Time 
+25OC 
185 
500 
185 
ns 


Full 
1000 
1000 
ns 


tOFF, 
Switch 
Off Time 
+250C 
220 
500 
220 
ns 


Full 
1000 
1000 
ns 


"Off 
Isolation" 
(Note 4) 
+250C 
80 
80 
dB 


CS(OFF), 
Input Switch 
Capacitance 
+250C 
5.5 
5.5 
pF 


CD(OFF)'} 
Output 
Switch 
Capacitance 
+250C 
5.5 
5.5 
pF 


CD(ON), 
+25OC 
11 
11 
pF 


CA, Digital 
Input Capacitance 
+250C 
5 
5 
pF 


CDS(OFF), 
Drain- To-Source 
Capacitance 
+250C 
0.5 
0.5 
pF 


POWER 
REQUIREMENTS 
(Note 5) 


PD, Power 
Dissipation 
+25OC 
15 
15 
mW 


Full 
60 
60 
mW 


1+, Current 
(Pin 13) 
+25OC 
0.5 
0.5 
mA 


Full 
2.0 
2.0 
mA 


1-, Current 
(Pin 4) 
+250C 
0.5 
0.5 
mA 


Full 
2.0 
2.0 
mA 


NOTES: 


1. VOUT = ±10V, lOUT = 1mA 
4. VA = 5\1, RL = 1\<.0, CL = 10pF, 'Is 
= 3VRMS. 
t = 100kHz. 


2. Digital Inputs are MOS gates - 
Typtcal Leakage ~ Less Than 1nA. 
5. VA = +3'1 
or VA = 0'1 for All Switches. 
3. VAH ~ 4.0V. 
6. Refer to Leakage Current Measurement Diagram on Page 3-8. 


Schematic 
Diagrams 


TTL/CMOS 
REFERENCE 
CIRCUIT 
V-REF 
CELL 


ALL 
N-CHANNEL 
BODIES 
TO v- 


ALL P-CHANNEL 
BODIES 
TO V+ 


EXCEPT 
AS SHOWN. 


Performance 
Characteristics 
and Test Circuits 


Unless 
Otherwise 
Specified: 
TA = +25OC, 
VSUPPl 
Y = ±15V, 
VAH = 2.4V, 
VAL = a.BV 
and 
VREF = Open 


ON 
RESISTANCE 
VB. ANALOG 
SIGNAL 
LEVEL; 


SUPPLY 
VOLTAGE 
AND 
TEMPERATURE 


lmA 
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VAH: 
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FREQUENCY 
~ HI 
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mHARRIS 


Features 


• Fast Switching 
Times .........••.......• 
tON = 30ns 
tOFF = 40ns 


• Low "ON" 
Resistance 
..•.•.•.•.•.•..•......... 
30n 


• Pin Compatible 
with Standard 
HI-201 


• Wide Analog Voltage Range (±15V Supplies) 
.. ±15V 


• Low Charge Injection 
(±15V Supplies) 
10pC 


• TTL Compatible 


• Symmetrical 
Switching 
Analog 
Current Range 
.•...•........................ 
BOmA 


Applications 


• High Speed Multiplexing 


• High Frequency 
Analog Switching 


• Sample and Hold Circuits 


• Digital 
Filters 


• Operational 
Amplifier 
Gain Switching 
Networks 


• Integrator 
Reset Circuits 


HI-201HS 


High Speed 
Quad SPST 
CMOS Analog Switch 


Description 


The HI-201 HS is a monolithic 
CMOS Analog Switch 
featuring very fast switching speeds and low ON resistance. 
This 
integrated 
circuit 
consists 
of 
four 
independently 
selectable SPST switches and is pin compatible with the 
industry standard HI-201 switch. 


Fabricated using silicon-gate 
technology 
and the Harris 
Dielectric Isolation process, this TIL 
compatible 
device 
offers 
improved 
performance 
over 
previously 
available 
CMOS analog switches. 
Featuring 
maximum 
switching 
times of SOns,low ON resistance of son 
maximum, and a 
wide analog signal range, the HI-201 HS is designed for any 
application 
where 
improved 
switching 
performance, 
particularly switching speed, is required. (A more detailed 
discussion on the design and application of the HI-201 HS 
can be found in Application Note 543). 


The HI-201 HS is available 
in 
a 
16 pin 
Ceramic 
DIP 
package. 
The 
HI-201 HS-2 
is 
specified 
over 
the 
temperature 
range 
from 
-550C 
to 
+1250C 
and 
the 
HI-201HS-5 
version from OOCto +750C. HI-201HS-4 
is 
also offered from -250C to +850C. 


Pinouts 


16 
LEAD 
CERAMIC 
DIP 
TOP 
VIEW 


TTl 
LOGIC 
INPUT 


LOGIC 
o 


SWITCH 


ON 


OFF 


PART 
TEMP. 
NUMBER 
RANGE 
PACKAGE 


H11-0201 
HS-5 
OOCto +750C 
16 Pin Ceramic 
DIP 


H13-0201 
HS-4 
-250C 
to +850C 
16 Pin Plastic 
DIP 


H11-0201 
HS-2 
-550C 
to +1250C 
16 Pin Ceramic 
DIP 


H11-0201 
HS-4 
-250C 
to +850C 
16 Pin Ceramic 
DIP 


HI4P0201 
HS-4 
-250C 
to +850C 
20 Pin PLCC 


HI4P0201 
HS-5 
OOCto +750C 
20 Pin PLCC 


H13-0201 
HS-5 
OOCto +750C 
16 Pin Plastic 
DIP 


H11-0201 
HS-7 
OOCto +750C 
16 Pin Ceramic 
DIP 


H14-0201 HS/883 
-550C 
to + 1250C 
20 Pin LCC 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
(Between 
Pins 4 and 13) .. 
Digital 
Input Voltage 
(Pins 1,8,9, 
16) .... 
..36V 


. . +VSUPPL 
Y +4V 
-VSUPPL 
Y -4V 
.. 
+VSUPPL 
Y +2.0V 
-VSUPPL 
Y -2.0V 
. .. 30mA,80mA 
750mW 
. .. +1750C 


Operating 
Temperature 
Range. 


HI-201HS-2 
. 
-550Cto+1250C 
HI-201 
HS-4 
. . . . 
. . . . . . . . . . • . 
. . . .. 
-250C 
to +85OC 


HI-201 
HS-5.... 
. ....•........ 
OOC to +750C 
Storage 
Temperature 
.....•......••....•.•... 
-650C 
to +1500C 
Analog 
Input Voltage 
(One Switch) 
. 
Pins2,3,6, 
7, 10, 11, 14, 15 


Analog 
Current 
- 
Continuous 
Peak ..... 
Total Power 
Dissipation 
(Note 2) 
. 
Maximum 
Junction Temperature 
. 


Electrical Specifications 
Unless 
Otherwise 
Specified: 
Supplies 
= + 15V, -15V; 
VAH (Logic 
Level 
High) = 3.0V, 


VAL (Logic 
Level 
Low) = +0.8V, 
GND = OV 


I 
HI-201HS-2 
HI-201 
HS-5/-4 


PARAMETER 
TEMP 
I 
MIN 
I 
TYP 
I 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


VS, Analog 
Signal 
Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 


RON, On Resistance 
(Note 3) 
+250C 
- 
30 
50 
- 
30 
50 
.n 


Full 
- 
- 
75 
- 
- 
75 
.n 


RON 
Match 
+250C 
- 
3 
- 
- 
3 
- 
% 


IS(OFF), 
Off Input Leakage 
Current 
+250C 
- 
0.3 
10 
- 
0.3 
10 
nA 


Full 
- 
- 
100 
- 
- 
50 
nA 


ID(OFF), 
Off Output 
Leakage 
Current 
+250C 
- 
0.3 
10 
- 
0.3 
10 
nA 


Full 
- 
- 
100 
- 
- 
50 
nA 


ID(ON), 
On Leakage 
Current 
+250C 
- 
0.1 
10 
- 
0.1 
10 
nA 


Full 
- 
- 
100 
- 
- 
50 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VAL, Input 
Low Threshold 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 


VAH, Input 
High Threshold 
+250C 
2.0 
- 
- 
2.0 
- 
- 
V 


Full 
2.4 
- 
- 
2.4 
- 
- 
V 
IAL, Input Leakage 
Current 
(Low) 
+250C 
- 
200 
- 
- 
200 
- 
~ 
Full 
- 
- 
-500 
- 
- 
-500 
~A 
IAH, Input Leakage 
Current 
(High) 
+250C 
- 
20 
- 
- 
20 
- 
~ 
Full 
- 
- 
+40 
- 
- 
+40 
~ 


SWITCHING 
CHARACTERISTICS 


tON, Switch 
On Time (Note 4) 
+250C 
- 
30 
50 
- 
30 
50 
ns 
tOFF1 , Switch 
Off Time (Note 4) 
+250C 
- 
40 
50 
- 
40 
50 
ns 
tOFF2, 
Switch 
Off Time (Note 4) 
+250C 
- 
150 
- 
- 
150 
- 
ns 
Output 
Settling 
Time 0.1 % 
+250C 
- 
180 
- 
- 
180 
- 
ns 
"Off 
Isolation" 
(Note 5) 
+250C 
- 
72 
- 
- 
72 
- 
dB 
Crosstalk 
(Note 6) 
+250C 
- 
86 
- 
- 
86 
- 
dB 
Charge 
Injection 
(Note 7) 
+250C 
- 
10 
- 
- 
10 
- 
pC 
CS(OFF), 
Input Switch 
Capacitance 
+250C 
- 
10 
- 
- 
10 
- 
pF 


;D(OFF),} 
Output 
Switch 
Capacitance 
+250C 
- 
10 
- 
- 
10 
- 
pF 


D(ON), 
+250C 
- 
30 
- 
- 
30 
- 
pF 
CA, Digital 
Input Capacitance 
+250C 
- 
18 
- 
- 
18 
- 
pF 
CDS(OFF), 
Drain- To-Source 
Capacitance 
+250C 
- 
0.5 
- 
- 
0.5 
- 
pF 


POWER 
REQUIREMENTS 
(Note 8) 


PO, Power Dissipation 
+250C 
- 
120 
- 
- 
120 
- 
mW 
Full 
- 
- 
240 
- 
- 
240 
mW 
1+, Current 
(Pin 13) 
+250C 
- 
4.5 
- 
- 
4.5 
- 
mA 
Full 
- 
- 
10.0 
- 
- 
10.0 
mA 
1-, Current 
(Pin 4) 
+250C 
- 
3.5 
- 
- 
3.5 
- 
mA 
Full 
- 
- 
6 
- 
- 
6 
mA 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond 
which the -serviceabilityof the circuit may be impaired. Functional 
operability 
under any of these conditions is not necessarily implied. 
2. Derate 8mWf'C 
above TA = +750C, 9ja = 1000C/W, 9jc = 32oC/W. 
3. VOUT = ±10V, lOUT = 1mA. 
4. RL = 1kO, CL = 35pF, VIN = +10V, VA = +3V. 
(See 
Switching 
Waveforms). 


5. VA = 3V, RL = 1kO, CL = 10pF, VIN = 3VRMS' f = 100kHz. 
6. VA = 3V, RL = 1kO, VIN = 3VRMS' f = 100kHz. 
7. CL = l000pF, VIN = OV,RIN = OO,aQ 
= CL x avO. 
8. VA = 3V or VA = 0 for all switches. 
9,VA=4V. 
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Typical Performance 
Curves 
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, THEORETICALLY, 
LEAKAGE 
CURRENT 
WILL CONTINUE 
TO DECREASE 
BELOW 
+250C. 
BUT DUE TO ENVIRONMENTAL 


CONDITIONS, 
LEAKAGE 
MEASUREMENTS 
BELOW 
THIS 
TEMPERATURE 
ARE 
NOT 
REPRESENTATIVE 
OF 
ACTUAL 
SWITCH 
PERFORMANCE. 
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Typical Performance 
Curves 
(Continued) 
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Typical Performance 
Curves 
(Continued) 
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0 
" 
5 
6 
7 
B 
9 
'0 
11 
'2 
'3 
,. 
'5 
> 
tON 
!.V - POWER SUPPLY VOL lAGE 
(VOLTS) 


0 
, 
1.82 
3 
• 
5 


VAH - DIGITAL 
INPUT AMPLITUDE 
(VOLTS) 


CHARGE 
INJECTION 
VB. ANALOG 
INPUT 
CAPACITANCE 
vs. 
ANALOG 
INPUT 


I 
I 
I 
40 


COlN 
50- 
g 40-n~dVf"L 
35 
z 
30-~ 
~ 
:J;:c, 
JO./'"' 
0 
./ 
g 
20 -'- 
VA ••.•. 
- 
~ 
10.....- 
-= 
/' 
~ 
25 
w 
o "--- 
~OO·Cl·dvo 


,,/ 
<>OUT 
!E 
~ 
-10 
./ 
~ 20 
~ 
-20 
../ 
V+-+15V 
- 
§ 
" 
~~:11~F- 
, 
-30 ~ 


'5 ______ 


o -40 
RI~·On 
- 
COOFF 
or CSOFF 


-50 
u 
10 
-'0 
-5 
0 
+5 
+10 


VIN - ANALOG 
INPUT (VOLTS) 
5 


COSOFF. 
0 
-15 
-'0 
-5 
0 
+5 
+10 
+'5 


VIN 
- ANALOG 
INPUT 
(VOLTS) 


OFF 
ISOLATION 
vs. 
FREQUENCY 
CROSSTALK 
vs. 
FREQUENCY 


'40 
vL15~ 
II 
'40 
vl.l,~v' I 
V---15V 
V---15V 
'20 
VIN 
-3VRMS 
120 
VIN 
-JVRMS 
VA-3V 
1'-" 
VA-JV 


100 
, 
100 
, 
-- 
~ 
! 
-- 
80 
~.,oon 
" -e- ~T 
r-- 
" 
80 f-- YoN 
~ i 
vo 
' 


RL-1K 
r- 
oo 
..... 
~ 
Rt-TKO 
5 


~OUT 
...•. 
" 
40 


VI' 
'V 
t::~Kn 


40f-- 
_ 
_ 


20 
20 T'mffi 


":'" 
":" 
V" 


0 


OFF 
ISOLATION" 
20 
LOG va 
0 
10K 
'OOK 
1M 
10M 
'OK 
'OOK 
1M 
'OM 
f - FREQUENCY 
(Hz) 
f - FREQUENCY 
1Hz) 


• 


Switching 
Characteristics 


SWITCHING 
CHARACTERISTICS 
vs. INPUT 
VOLTAGE 


Typical delay. tON. tOFF. settling time and switching transi- 
ents in this circuit. 


If RL or 
CL is increased. 
there 
will 
be corresponding 
increases in rise and/or fall RC times. 


Switching 
Characteristics 
(Continued) 


Vo 
- OUTPUT 
SWITCHING 
WAVEFORMS 


Application 
Information 


LOGIC COMPATIBILITY 


The HI-201 HS is TIL compatible. Its logic inputs (Pins 1,8, 
9, 16) are designed to react to digital inputs which exceed a 
fixed, internally generated TIL switching threshold. The HI- 
201 HS can 
also 
be driven 
with 
CMOS 
logic 
(0-15V), 
although the switch performance 
with CMOS logic will be 
inferior to that with TIL logic (0-5V). 


The logic input design of the HI-201 HS is largely responsi- 
ble for its fast switching 
speed. lt is a design which features 
a unique input stage consisting 
of complementary 
vertical 
PNP and NPN bipolar transistors. This design differs from 
that of the standard HI-201 
product where the logic inputs 
are MOS transistors. 


Although 
the new logic 
design 
enhances 
the switching 
speed performance, it also increases the logic input leakage 
currents. Therefore, the HI-201 HS will exhibit larger digital 
input 
leakage 
currents 
in comparison 
to 
the 
standard 
HI-201 
product. 


CHARGE 
INJECTION 


Charge injection is the charge transferred, through the inter- 
nal gate-to-channel 
capacitances, 
from the digital 
logic 
input to the analog output. 
To optimize 
charge 
injection 
performance 
for the HI-201 HS, it is advisable to provide a 
TIL logic input with fast rise and fall times. 


If the power supplies are reduced from ±15V, charge injec- 
tion will become 
increasingly 
dependent 
upon the digital 
input frequency. 
Increased logic input frequency 
will result 
in larger output error due to charge injection. 


The electrical characteristics 
specified in this data sheet are 


guaranteed for power supplies ±VS = ±15V. Power supply 
voltages less than ±15V will result in reduced switch per- 
formance. The following information is intended as a design 
aid only: 


POWER 
SUPPLY 
VOLTAGES 
SWITCH 
PERFORMANCE 


±12 < ±VS ±15V 
Minimal Variation 


±VS<±12V 
Parametric 
Variation 
becomes 
Increasingly 
Large 
(IncreasedON Resistance, 
LongerSwitchingTimes). 
±VS<±10V 
Not Recommended. 
±VS> ±16V 
NotRecommended. 


The switch operation of the HI-201 HS is dependent 
upon 
an 
internally 
generated 
switching 
threshold 
voltage 
optimized 
for ±15V 
power supplies. The HI-201 HS does 
not provide the necessary internal switching 
threshold 
in a 
single supply system. Therefore, if single supply operation 
is required, the HI-300 series of switches is recommended. 
The HI-300 
series will remain operational 
to a minimum 
+5V single supply. 


Switch performance 
will degrade as power supply voltage 
is 
reduced 
from 
optimum 
levels 
(±15V). 
So 
it 
is 
recommended 
that a single supply 
design 
be thoroughly 
evaluated to ensure that the switch will meet the require- 
ments of the application. 
• 


Schematic 
Diagrams 


TTl/CMOS 
REFERENCE 
CIRCUIT 


m HARRIS 


Features 


• Wide band 
Operation 
••.•••••••.•••. 
200 
MHz 


• Differential 
Gain 
•••••••..••••••••••••• 
0.03% 


• Differential 
Phase 
••••••••••••• 
0.003 
Degrees 


• Switching 
Speed 
•.••••••••••••••••••• 
100ns 


• RON ...............••.••..••••••••••••• 
350 


• Off Isolation 
@ 10 MHz 
..•.........••.. 
-65dB 


• Crosstalk 
@ 10 MHz 
•••••••••••••••••• 
-BOdB 


Applications 


• Routing 
Switchers 


• Production 
Mixers 


• High 
Definition 
TV 


• Radar 
Signal 
Conditioning 


• Medical 
Imaging 


• Heads-Up 
Displays 


• Simulators 


• Sonar 


HI-222 


Description 


The HI-222 
is a high frequency 
analog 
switch 
that complements 
the Harris 
family 
of 
high 
speed 
op amps 
and 
buffers. 
Fabricated 
with 
our 
Dielectric 


Isolation 
process 
and 
using 
silicon 
gate 
technology, 
many 
key 
parameters 
have been enhanced. 


Crosstalk 
and off isolation are optimized 
with aT-switch 
configuration 
and the 


use of nonconnected 
pins for extended 
shielding. 
Other features 
of the HI-222 


include wideband 
operation, low RON. fast switching 
speeds 
and 
IOVI differen- 
tial gain and phase. The characteristics 
of this TTL compatible 
device make it 
ideal for designs 
where,;mproved 
switching 
perfonnance 
is required. 


The 
primary 
application 
of this 
dual 
SPST 
switch 
is the 
routing 
of 
high 
frequency 
signals 
in equipment 
ranging 
from 
video 
production 
mixers 
to 


military AF circuits. 


The 
HI-222 
is 
available 
in 
a 
14 
pin 
Ceramic 
DIP 
with 
-S, 
-9 
and 
/883 
temperature 
options, 
and 
in a Plastic 
DIP with 
a -S 
option. 
A Plastic 
Leaded 
Chip 
Carrier 
(PLCC) with 
a -S option 
and a Leadless 
Chip 
Carrier 
(LCC) with 
a /8B3 
option 
are also offered. 
For additional 
information 
on the 


/883 
prodUCts, please refer to the Harris 
Military 
Analog 
Product 
Data Book. 


Pinouts 


(CERAMIC/PLASTIC 
DIP) LOGIC "1" 
INPUT 
TOP VIEW 


N.C. 
VOUTl 


VINl 
N.C. 


GND 
VAl 


V+ 
V- 


N.C. 
VA2 


VIN2 
N.C. 


N.C. 
VOUT2 


(LCC/PLCC) 
LOGIC 
"0" 
INPUT 
TOP VIEW 
~ ,; ,; § . 
}ii>"~ 


GND 


N.C. 


V+ 


OUT • 


0 
V+ 
Q 
V- 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


H14P0222-S 
OOCto +7SoC 
20·Pln 
PLCC 
HI1-0222-S 
OOCto+7SoC 
l4·Pln 
CERDIP 
HI3-Q222-S 
OOCto+7SoC 
l4·Pln 
Plastic 
DIP 
Hll-0222-9 
-400C 
to +BSoC 
l4·Pln 
CERDIP 


Absolute Maximum Ratngs (Note 
1) 


Voltage 
Between 
V+ and V- Terminals 
.•.••..............•.• 
36V 
±VS to Ground 
(V+. V-) 
....••..•....•••.••............•• 
±18V 
Digital and Analog 
Input Voltage 
(VA. Vg, VD) ..........• 
±VS ±2V 
lpeak (S to 0) (Pulse at O.8ms. 10% Duty Cycle Max) . . • . • • • • .. 
100mA 
Ipeak (Any Pin. 50% Duty Cycle) 
28mA 
Continuous 
Current 
(Any Pin) 
15mA 
Junction Temperature 
~ 
+17SoC 
Storage 
Temperature 
Range 
.............•... 
-650C 
to +1500C 
ESD Rating 
•....................•................... 
< 2000V 
Lead Temperature 
(Soldering 
10 S9C) •••••••••••••••••••• 
3000C 


Thermal Information 


Thermal 
Resistance 
8ja 
Ceramic/Plastic 
DIP Package 
.•........... 
750C/W 
Ceramic 
LCC Package 
760C/W 
Package 
Power 
Dissipation 
Limit at + 750C 
Ceramic/Plastic 
DIP and Ceramic 
LCC Package 
•..•....•• 
1.0W 
Package 
Power 
Dissipation 
Derating 
Factor Above +750C 
Ceramic/Plastic 
DIP Package 
.......•..•.•.••••.. 
13.4mW/PC 
Ceramic 
LCC Package 
........................•. 
13.2mW/oC 
Operating 
Temp. Range 
HI-222-5 
()QC ~ TA ~ + 750C 
HI-222-9 
-400C 
~TA~ 
+850(; 


HI-222-9 
I 
HI-222-5 


PARAMETER 
TEMP 
MIN 
TYP 
MAX" I MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


VS. Analog 
Signal 
Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 


RON. ON Resistance 
(Note 2) 
+250C 
- 
35 
50 
- 
35 
50 
n 


Full 
- 
- 
75 
- 
- 
75 
n 


ISOFF Leakage 
+250C 
- 
0.1 
2.5 
- 
0.1 
2.5 
nA 


Full 
- 
- 
200 
- 
- 
200 
nA 


IDOFF Leakage 
+250C 
- 
0.1 
2.5 
- 
0.1 
2.5 
nA 


Full 
- 
- 
200 
- 
- 
200 
nA 


IDON Leakage 
+250C 
- 
0.3 
2.5 
- 
0.3 
2.5 
A 


Full 
- 
- 
200 
- 
- 
200 
nA 


DIGITAL INPUT CHARACTERISTICS 


VAL. Low Threshold 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 


VAH. High Threshold 
Full 
2.0 
- 
- 
2.0 
- 
- 
V 


IAL. Low Level Leakage 
+250C 
- 
0.1 
1.0 
- 
0.1 
1.0 
fJA 


Full 
- 
- 
1.0 
- 
- 
1.0 
fJA 


IAH. High Level Leakage 
+250C 
- 
0.1 
1.0 
- 
0.1 
1.0 
fJA 


Full 
- 
- 
1.0 
- 
- 
1.0 
fJA 


SWITCHING 
CHARACTERISTICS 


tON (Note 3) 
+250C 
- 
100 
200 
- 
100 
200 
ns 


tOFF (Note 3) 
+250C 
- 
70 
200 
- 
70 
200 
ns 


Off-Isolation 
@10MHz(Note4) 
+250C 
- 
-65 
- 
- 
-65 
- 
dB 


Crosstalk 
@10MHz(Note4) 
+250C 
- 
-80 
- 
- 
-80 
- 
dB 


Differential 
Gain (Note 5) 
+250C 
- 
0.03 
- 
- 
0.03 
- 
% 


Differential 
Phase (Note 5) 
+250C 
- 
0.003 
- 
- 
0.003 
- 
degrees 


Gain Tolerance 
@1 MHz (Note 6) 
+250C 
- 
0.05 
- 
- 
0.05 
- 
dB 


@8MHz 
+250C 
- 
0.15 
- 
- 
0.15 
- 
dB 


Bandwidth 
(Note 6) 
+250C 
- 
200 
- 
- 
200 
- 
MHz 


CS(OFF}. 
Switch 
Input Capacitance 
+250C 
- 
12 
- 
- 
12 
- 
pF 


CD(OFF} 
Switch 
Output 
Capacitance 
+250C 
- 
28 
- 
- 
28 
- 
pF 


CD(ON). Switch 
Output 
Capacitance 
+250C 
- 
83 
- 
- 
83 
- 
pF 


CA. Digital Address 
Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


CDS(OFF). 
Drain-to-Source 
Capacitance 
+250C 
- 
0.2 
- 
- 
0.2 
- 
pF 


POWER 
REQUIREMENTS 


I± @ ±15V Quiescent 
Current 
+250C 
- 
2.5 
4.0 
- 
2.5 
4.0 
mA 


Full 
- 
- 
6.0 
- 
- 
6.0 
mA 


po. Quiescent 
Power Dissipation 
+250G 
- 
75 
120 
- 
75 
120 
mW 


Full 
- 
- 
180 
- 
- 
180 
mW 


NOTES: 


,. 
As 
with 
all semiconductors. 
stresses 
listed 
under 
"Absolute 
Maximum 


Ratings" 
may 
be applied 
to devices 
(one 
al a time) 
without 
resulting 
in 


permanent 
damage. 
This 
is a stress 
rating 
only. 
Exposure 
to 
absolute 
maximum rating conditions for extended periods may affect device relia- 


bility. 
The 
conditions 
listed 
under 
"Electrical 
Specifications" 
are the only 


conditions 
recommended 
for satisfactory 
operation. 


2. VOUT 
= ±5V, 
lOUT 
= 7.5mA 


3. 
VIN = +SV, 
RL = 2kO, 
CL = 40pF. 
VA levels 
are 
O.DV 
to 3.eV 
for switch 


under 
test. 
Switch 
not 
under 
test 
has VA = 4.0V. 


4. 
VIN = 300rnVp_p' 
RL - 50n. VAH = +2.0V, 
VAL 
= 0.8, 
f "'" 10.0MHz. 


5. 
VIN= 
300mVp_p• 
VOFFSET 
= , .0. f = 3.58MHz 
and 4.43MHz, 
VAL = OV, 
RL = 2KO. 


6. VIN = 300mVp_p• RL =500, 
VAL = 0.6V. 


SWITCH INPUT 
VIN = +5 


Va = VIN 
_R_L__ 
RL + RON 


CL Includes CFIXTURE + CPROBE 


Top: 
(2V/Div.) 
Bottom: 
Output 
(2VlOiv.) 
Horizontal: 
100nslDiv. 


• 


Test Circuits 


ROS 


_v2_ 


IN 
OUT 
~~ 
=±5V 
+5V _ 


~ 
~ 


Typical Performance 
Curves 
Unless Otherwise Specified: TA = +250C. VSUPPLY = ±15V 


STEADY 
STATE ADDRESS 
INPUT CURRENT 
VS. 


SUPPL y'CURRENT 
VS. TEMPERATURE 
VS. SUPPLY VOLTAGE 
TEMPERATURE 


+ 5.0 
25 
VIN ,,: VOUT'~ 
O.OV 
.•.•.. 


-4.0 ....•••~ 
VAH= 
5.0V 
-3.0 
20 
I""'" ~ ... 
+V= 
+ 15V 
J 
:( 
- 2.0 


.§. 
- 1.0- r- tV) 
+ 10V 
15 
/ 
I 
) 
:( 
:::; 
0.0 
.=. 


0.. 
~I_) 
~10~ 


.5 10 
0.. 


-1.0 '- 
/~ 


:> 
5!.' 
- 2.0 
VAH= 
2.0V 
-V 
-15V 
~ 
.J' •..... 
I 
I 
I 
5 
~ 0 


-3.0 
~ ~ 
VAL = 
0.8V 


-4.0 •.... 
0 
VAL = 
O.OV 


-5.0 
+25 
+55 
+85 
+105 
+125 


- 55 
-15 
+25 
+65 
+105 
+125 
TEMPERATURE 
(0C) 
TEMPERATURE 
(0C) 


SWITCHING 
TIME 
VS. TEMPERATURE 
SWITCHING 
THRESHOLD 
VS. ±SUPPLY 
VOLTAGE 


150 


~ 


2.0 
I 
1.8 
VAH 


" 


to!:!,..o 
1.6 


100 
I 
"" 
.=. --- 
~ 


1.4 
u. 
~ 
vL 
\. 


u. 


~ 


1.2 
.9 
±V= 
±15V 
0 
...J 
Z 
VAH = 
3.0V 
0 
1.0 
, 
50 
:I: 
.9 
tOFF 
VAL = 
O.OV 
(/) 
'" 
VIN = 
5V 


UJ 
0.8 
a: 
" 
RL = 
2kA 
:I: 
0.6 
.... 


CL= 
35pF 
\.. 


0 
0.4 


- 55 
+25 
+125 
TEMPERATURE 
(OC) 
0.2 


0.0 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
± SUPPLY (V) 


ADDRESS 
INPUT THRESHOLD 
VS. TEMPERATURE 


1.6 


~ 
1.5 


:I: 1.4 
VAH 
~ 1.3 
.... 


VAL 
<! 1.2 
> 
1.1 


1.0 
+25 
+55 
+65 
+125 
TEMPERATURE 
(OC) 
• 


C'I 
C'I 
Typical Performance 
Curves 
Unless 
Otherwise 
Specified: 
TA = +250C. 
VSUPPLY = ±15V 
C'I 
..!. 


;( 
E- 
w- 
w-o.p 
1.0 
u: 
w-o 
-'" 


0.01 
+ 250C 
+ 7SoC 
TEMPERATURE (0C) 


~ 
0.0 


UJC,) 1.0 
Z 
"~ 2.0 


83.0 


Z 
~ 
4.0 


80 


70 


60 
-so 
C 
z40 
o 
0:30 


20 


10 


o- 15 


lOON 
YS. TEMPERATURE 
YS. ANALOG 
INPUT 


10.0 


~kO 


- 
- 


Itso 
- 
t- 
- 
................... i..·..· 
..."...... 


~ 
--.~ 
~ 
.... In ... 
soo 
-- - 
- 
•....••... 
_soo 
- 
ro- 
' .. 
~~ 
.... 
-, 
750 


~ 


2kO 
I'- 
- 
L 


A= 
Vs 
~ 
Vo ~ 
B = Vs = Vo ~ 
C = Vs = Vo = 
p~ 
Vs 
~ 
Vo = 


;( 
E- 


0.10 
Z0.p 


0.01 


0.001 
+ 250C 
+ 750C 
+ 1250C 
TEMPERATURE (0C) 


0.00 
Cii 


UJ 
5.00 
~ 


UJ 
10.00 e. 


UJ 


15.00~ 
:I: 
20.000.. 


~ 
- 
-'" 
2kO 
~ 
J.,.. 
- 
:;J- 


Iil""" 
- 
~,. 


~ 
=-=SOO 
-- 
II 
- 


0.0 


~ 
0.5 


w 
t) 
1.0 
z 


c:2 
1.5 
~ 
02.0 
•... 


~ 
2.5 
to 
3.0 


2kO 


. , .... 
00'00' 
....... .. .....". 
." ... .......... ". 
~~O 
.. 
.. 


SOo 


SOO 
I 
III 7,S02kO 


~-50 


-60 


iii 
wwa:to 
0.00 e. 


5.00~« 
I 
10M 
a. 


~ 


I-' 
~ 


2kO 
~ 
./ 
~ 
- 
750,1'- ;, 
""" 
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- 
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~ 
- 
V" ...;II? 
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;-80 
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• 
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0020 
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OZ.4 
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: 
R1 M}" 
Mi 
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~VF 


t 
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I 
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I 
I 
1 


1 
I 
I 
I 
ve. 
I 
I 
I 
I 
I 


I 
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Features 
• Analog Signal Range (±15VSupplles) 
.•......•.••• 
±15V 
• Low Leakage (Typlcal@+25OC) 
••..•..•.••.•.... 
40pA 
• Low Leakage (Typlcal@ 
+1250C) 
..••..•.••..•...• 
1nA 
• Low On Resistance (Typical @ +250C) .••.•.....••• 
35n 
• Break-Before-Make 
Delay (Typical) 
•••••••••.•..• 
60ns 
• Charge Injection 
30pC 
• TTL, CMOS Compatible 
• Symetrlcal 
Switch 
Elements 
• Low Operating 
Powe; ••••....••••...•.••.•..... 
1.0mW 
(Typical for HI-3DO - 303) 


Functional 
Diagram 


HI-300 fhru 
HI-307 


Applications 
• sample 
and Hold I.e. Low Leakage Switching 
• Op Amp Gain Switching 
I.e. Low On Resistance 
• Portable, 
Battery 
Operated 
Circuits 
• Low Level Switching 
Circuits 
• Dual or Single Supply Systems 
• 


Description 


The HI-300 through HI-307 series of switches are monolithic 
devices fabricated 
using CMOS technology 
and the Harris 
dielectric 
isolation process. These switches 
feature break- 
before-make sw~ching, (HI-301. 303, 305 & 307 only), low and 
nearly constant'ON resistance over the full analog signal range, 
and low power dissipation, (a few milliwatts. for the HI-300 - 
303, a few hundred microwatts for the HI-304.- 
307). 


The HI-300 - 303 are TIL compatible and have a logic "0" 'con- 
dition with an input less than 0.8V and a logic "1"' cond~ion w~h 
an input greater than 4.0V. The HI-304 
- 307 switches are 


.CMOS compatible-and have a low state with an input less than 
3.5V and a high state with an input greater than 11V. (See 
pinouts for switch conditions with a logic "1" input.) 


All the devices are available in a 14 pin Epoxy or Ceramic DIP. 
The HI,-300, 301, 304 and 305 are also available in a 10 pin 
Metal Can. Each of the sw~ch types are available in e~her the 
-550C to +125OC or COCto +750C operating ranges. 


Pinouts 
(SWITCMSTATESARE FOR A LOGIC "1" INPUT) 


DUAL SPST HI-300 
& HI-304 
TOP VlEWS 


LOGIC 
SWITCH 


0 
OFF 
1 
ON 


* The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the v- connection, 
however.) 


DUAL 
DPST HI-302 
& HI-306 
DIP 
TOP VIEW 


LOGIC 
SWITCH 


0 
OFF 
1 
ON 


NC 
, 


0,2 


NC 
3 


" 
4 
NC 
5 


IN 
6 


GND 7 


14 V+ 


13 02 


12 Ne 


11 $2 


I 
10 Ne 


I 
__ .J 
9 Ne 


• v- 


LOGIC 
SWl 
SW2 


0 
OFF 
ON 


1 
ON 
OFF 


* The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 


NC 
, 
'3 
03 
0, 
" 
IN1 6 


GND 7 


SWl 
SW3 
LOGIC 
SW2 
SW4 


0 
OFF 
ON 
1 
ON 
OFF 


• 


Absolute 
Maximum 
Ratings 
(Note 
1) 


Voltage 
Between 
Supplies. 
. . . . . . . . . . . . . . . . . 
.. 
44V (±22) 
Digital 
Input Voltage 
. 
+VSUPPL 
Y +4V 


-VSUPPL 
Y -4V 
Analog 
Input Voltage. 
. 
. 
+VSUPPL 
Y + 1.5V 


-VSUPPL 
Y -1.5V 
Total Power 
Dissipation" 
14 Pin Epoxy 
DiP 
526mW 
14 Pin Ceramic 
DiP 
588mW 


10 Pin Metal 
Can" 
435mW 


Operating 
Temperature 
Range 


HI-3XX-2 
-550C 
to + 1250C 


HI-3XX-5 
. •....•................. 
OOC to +750C 
Storage 
Temperature. 
... 
. ....•..... 
-650C 
to +1500C 


Electrical Specifications 
Unless 
Otherwise 
Specified: 
Supplies 
= + 15V. -15V; 
VIN = Logic 
Input. 


HI-3OO-303: 
VIN - for Logic 
"1" = 4V. for Logic 
"0" = 0.8V 


HI-304-307: 
VIN - for Logic 
"1" = 11 V. for Logic 
"0" = 3.5V 


-550CTo+1250C 
I 
OOCTo+750C 


PARAMETER 
TEMP 
MIN 
I 
TYP 
I 
MAX 
I 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


Analog 
Signal 
Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 
RON, On Resistance 
(Note 2) 
+250C 
- 
35 
50 
- 
35 
50 
n 
Full 
- 
40 
75 
- 
40 
75 
n 
IS(OFF). 
Off Input Leakage 
Current 
(Note 3) 
+250C 
- 
0.04 
1 
- 
0.04 
5 
nA 
Full 
- 
1 
100 
- 
0.2 
100 
nA 


ID(OFF), 
Off Output 
Leakage 
Current 
(Note 3) 
+250C 
- 
0.04 
1 
- 
0.04 
5 
nA 
Full 
- 
1 
100 
- 
0.2 
100 
nA 


ID(ON), 
On Leakage 
Currenl 
(Note 4) 
+250C 
- 
0.03 
1 
- 
0.03 
5 
nA 


Full 
- 
0.5 
100 
- 
0.2 
100 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VINL. Input Low Level" 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 
VINH. Input High Level" 
Full 
4 
- 
- 
4 
- 
- 
V 
VINL, Input Low Level"" 
Full 
- 
- 
3.5 
- 
- 
3.5 
V 


VINH. Input High Level"" 
Full 
11 
- 
- 
11 
- 
- 
V 


IINL.lnput 
Leakage 
Current 
(Low) (Note 5) 
Full 
- 
- 
1 
- 
- 
1 
!JA 


IINH, Input Leakage 
Current 
(High) 
(Note 5) 
Full 
- 
- 
1 
- 
- 
1 
!JA 


SWITCHING 
CHARACTERISTICS 


tOPEN, 
Break-Before 
Make 
Delay""" 
+250C 
- 
60 
- 
- 
60 
- 
ns 
tON, Switch 
On Time" 
+250C 
- 
210 
300 
- 
210 
300 
ns 
tOFF. 
Switch 
Off Time" 
+250C 
- 
160 
250 
- 
160 
250 
ns 
tON, Switch 
Off Time"" 
+250C 
- 
160 
250 
- 
160 
250 
ns 


tOFF. 
Switch 
Off Time"" 
+250C 
- 
100 
150 
- 
100 
150 
ns 


"Off 
Isolation" 
(Note 6) 
+250C 
- 
60 
- 
- 
60 
- 
dB 
Charge 
Injection 
(Note 7) 
+250C 
- 
3 
- 
- 
3 
- 
mV 
CS(OFF). 
Input Switch 
Capacitance 
+250C 
- 
16 
- 
- 
16 
- 
pF 
CD(OFF). 
Output 
Switch 
Capacitance 
+250C 
- 
14 
- 
- 
14 
- 
pF 
CD(ON), 
Output 
Switch 
Capacitance 
+250C 
- 
35 
- 
- 
35 
- 
pF 
CIN. (High) 
Digital 
Input Capacitance 
+25OC 
- 
5 
- 
- 
5 
- 
pF 
CIN. (Low) Digital 
Input Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


POWER 
REQUIREMENTS 


1+. Current" 
(Note 8) 
+25OC 
- 
0.09 
0.5 
- 
0.09 
0.5 
mA 
Full 
- 
- 
1 
- 
- 
1 
mA 


1-. Current" 
(Note 8) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 
1+. Current" 
(Note 9) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 


1-, Current" 
(Note 9) 
+25OC 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 


1+. Current"" 
(Note 
10) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 
1-, Current"" 
(Note 
10) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 


1+. Current"" 
(Note 
11) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 


1-. Current"" 
(Note 
11) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
!JA 


Full 
- 
- 
100 
- 
- 
- 
!JA 


1. 
As with all semiconductors, 
stresses listed under "Absolute 
Maximum 
Ratings" may be applied to devices (one at a time) without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli· 
ability. The conditions 
listed under "Electrical 
Specifications" 
are the 


only conditions 
recommended 
for satisfactory operation. 


2. 
Vs = ±10V, lOUT = -10mA 
On resistance derived from the voltage 


measured across the switch under the above conditions. 


3. 
Vs = ±14V, VD = ±14V. 


4. 
Vs = VD = ±14V. 


5. 
The dtgital inputs are diode protected MOS gates and typical leakages 
of 1nA or less can be expected. 


6. 
Vs = 1VRMS,f = 500kHz, CL = 15pF, RL = 1k. 


7. 
Vs = OV, CL ~ 10,OOOpF,Logic Drive ~ 5V pulse. (HI-300 - 303) 
Switches are symmetrical; 
Sand 
D may be interchanged. 


Logic Drive ~ 15V (HI-304 - 307). 


8. 
VIN = 4V (One Input) (All Other Inputs = OV). 


9. 
VIN ~ 0.8V (All Inputs). 


10. 
VIN = 15V (All Inputs). 


11. 
VIN = OV(All Inputs). 


Test Circuits 


SWITCHING 
TEST 
CIRCUIT 
(tON. 
tOFF) 


SWITCH 
TYPE 
VINH 


HI-300 
thru HI-303 
4V 


HI-304 
thru HI-307 
15V 


SWITCH 
TYPE 
V,NH 


HI-301, 
HI-303 
5V 


HI-305, 
HI-307 
15V 


+15V 
v+ 
Vo 
SWITCH 
51 
01 
VS1 - +3V 
OUT1 
OUTPUT 
VS2 - +3V 
52 
02 


lOGIC 
v- 
I r 


INPUT 


-15V 
-:: 
-:: 


lOGIC 
"'" 
"" SWITCH 
ON 


~~~50% 
f-.-""----- 


VS 
: 
: 


:~10% 
ov---V! 
; 
~ 


SWITCH 
: 
I 
: 
: 
OUTPUT 
-i!ON I-- 
-i 
!OFF .-- 


lOGIC 
lOGIC 
"''':: 
SWITCH 
ON 


INPUT~ 


OV 


./,:~ 
'\.50% 


OV------~: 
~ 
OUT1 


I 
:, 
£:::., 50% OUT 
2 
OV\5O%; 
;r~ 
,-~----------r~, 


teBM -1 i- 
--1 
t- ts8M 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI2-0304-S 
Ooelo+7Soe 
10-Pin 
Metal 
Can 
HI2-0304-2 
-ssoe 
10+12Soe 
10-Pin 
Metal 
Can 
HI1-0304-S 
oOeto 
+7Soe 
14-Pin 
CERDIP 
HI1-0304-2 
-ssoe 
10+ 12 soe 
14-Pin 
CERDIP 


HI1-030S-2 
-S50e 
to +12Soe 
14-Pin 
CERDIP 
HI2-030S-S 
ooe1o 
+75oe 
10-Pin 
Metal 
Can 
HI2-030S-2 
-ssoe 
to +12Soe 
10-Pin 
Metal 
Can 
HI1-030S-S 
oOe1o +7Soe 
14-Pin 
CERDIP 


HI1-0306-S 
ooe1o 
+7Soe 
14-Pin 
CERDIP 
HI1-0306-2 
-S50e 
10 +12Soe 
14-Pin 
CERDIP 


HI1-0307-5 
ooe 10+7SoC 
14-Pin 
CERDIP 
HI1-0307-2 
-ssoe 
10 +12Soe 
14-Pin 
CERDIP 


• 
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DEVICE 
POWER DISSIPATION 
VS. SWITCHING 
FREQUENCY 
SINGLE 
LOGIC INPUT 


IS(OFF) 
OR ID(OFF) 
VS. TEMPERATURE' 
ID(ON) VS. TEMPERATURE' 


~v 
••• 'w 
1 


V-&-IIV 
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Typical Performance 
Curves 
(Continued) 


SWITCHING 
TIME 
VS. 
SWITCHING 
TIME 
VS. 
SWITCHING 
TIME 
VS. 
SWITCHING 
TIME 
AND 
BREAK 


TEMPERATURE 
TEMPERATURE 
NEGATIVE 
SUPPL 
V VOLTAGE 
BEFORE 
MAKE 
TIME 
VS. 


HI-300 
thru HI-303 
HI-304 
thru 
HI-3D7 
HI-300 
thru HI-3D3 
POSITIVE 
SUPPL V VOLTAGE 
HI-300 
thru HI-303 
- 
- 
" 
".·+11\1 
L-L- 


.,.-+11\1 
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SWITCHING 
TIME 
VS. 
SWITCHING 
TIME 
VS. 
INPUT 
SWITCHING 
THRESHOLD 


POSITIVE 
SUPPLY 
VOLTAGE 
NEGATIVE 
SUPPLY 
VOLTAGE 
VS. POSITIVE 
SUPPLY 
VOL TAGE 
HI-304 
thru HI-3D7 
HI-304 
thru HI-3D7 
HI-300 
thru HI-307 
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Schematic 
Diagrams 


SWITCH CELL 


f 
F =;." 


r""1. 
,~..,. ~f- 
.... 
''"11 


,,<>-- 
--1~ 
~f- 


_OUT 


--1~ 
IL, 
.y 
....~ 
'~ 
I",J •••• 
! 
DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


T 


v. 
! 


D2A, 
MP1A 
MP2A ~~JA~~P4A 
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MP8A 
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Features 
• Analog Signal Range (±15V Supplies) ••••••••••••• 
±15V 
• Low Leakage (Typical @ +250C) 
......•..•.•••.•. 
40pA 
• Low Leakage (Typical @ +1250C) 
..•........•..•.. 
1nA 
• Low On Resistance (Typical @ +250C) ••.•••••••••• 
350 
• Break-Before-Make 
Delay (Typical) 
•.•••••••••••• 
60ns 
• Charge Injection ••••••••••••••••••.••••••••.•.... 
30pC 
• TIL 
Compatible 
• Symetrical 
Switch Elements 
• Low Operating Power ••....•................... 
1.0mW 


387/390 


Applications 
• sample and Hold i.e. Low Leakage Switching 
• Op Amp Gain Switching 
i.e. Low On Resistance 
• Portable Battery Operated 
Circuits 
• Low Level SWitching Circuits 
• Dual or Single Supply Systems 


Description 


The HI-381 through HI-390 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These devices are TIL compatible 
and are available in four switching configurations. (See device 
pinout for particular switching function with a logic "1" inpul.) 


These switches feature jow leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make 
switching and low power dissipa- 
tion. 


The HI-381 and HI-387 switches are available in a 14 pin 
Epoxy or Ceramic DIP or 10 pin Metal Can. The HI-384 and 
HI-390 are available in a 16 pin Epoxy or Ceramic DIP. Each of 
the individual switch types are available in the -550C 
to 
+1250C and OOCto +750C operating ranges. 


Pinouts 
(SWITCHSTATESARE FOR A LOGIC "1"INPUTj 
DUAL SPST HI-381 
TOP VIEWS 


LOGIC 
SW1-2 


0 
OFF 


1 
ON 


• The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 


LOGIC 
SW1 
SW2 


0 
OFF 
ON 


1 
ON 
OFF 


* The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the V- connection, 


however.) 


LOGIC 
SW1-4 


0 
OFF 
1 
ON 


SW1 
SW3 
LOGIC 
SW2 
SW4 


0 
OFF 
ON 
1 
ON 
OFF 


Absolute 
Maximum 
Ratings 
(Note 
1) 


Voltage 
Between 
Supplies. 
. . . . . . . . . . . . . 
. ... 
44V (±22) 


Digital 
Input Voltage 
. 
+VSUPPLY 
+4V 


-VSUPPLY 
-4V 
Analog 
Input Voltage. 
. . . . 
. ..... 
+VSUPPL 
Y + 1.5V 


-VSUPPL 
Y -1.5V 
Total Power 
Dissipation' 
14 Pin Epoxy 
DIP 
526mW 


14 Pin Ceramic 
DIP 
588mW 
16 Pin Epoxy 
DIP 
625mW 
16 Pin Ceramic 
DIP 
685mW 
10Pin 
Metal 
Can' 
435mW 


Operating 
Temperature 
Range 


HI-3XX-2 
-550C 
to +125OC 


HI-3XX-5 
....................••.....••........ 
OOC to +75OC 


Storage 
Temperature 
.....•••..•••••.•.•••... 
-650Cto+1500c 


Electrical Specifications 
Unless 
Otherwise 
Specified: 
Supplies 
= +15V, 
-15V; 
VIN = Logic 
Input. 


VIN for Logic 
"1" = 4V, for Logic 
"0" = 0.8V 


-550C 
to +1250C 
OOCto 
+750C 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH 
CHARACTERISTICS 


Analog 
Signal 
Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 


RON. On Resistance 
(Note 2) 
+250C 
- 
35 
50 
- 
35 
50 
n 


Full 
- 
40 
75 
- 
40 
75 
n 


IS(OFF). 
Off Input 
Leakage 
Current 
(Note 3) 
+250C 
- 
0.04 
1 
- 
0.04 
5 
nA 


FUll 
- 
1 
100 
- 
0.2 
100 
nA 


ID(OFF). 
Off Output 
Leakage 
Current 
(Note'3) 
" 
+250C 
- 
0.04 
1 
- 
0.04 
5 
nA 


Full 
- 
1 
100 
- 
0.2 
100 
nA 


ID(ON). 
On Leakage 
Current 
(Note 4) 
+250C 
- 
0.03 
1 
- 
0.03 
5 
nA 


Full 
- 
0.5 
100 
- 
0.2 
100 
nA 


DIGITAL 
INPUT CHARACTERISTICS 


VINL. Input Low Level 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 


VINH. Input 
High Level 
Full 
4 
- 
- 
4 
- 
- 
V 


IINL. Input Leakage 
Current 
(Low) (Note 5) 
Full 
- 
- 
1 
- 
- 
1 
jJA 


IINH' 
Input Leakage 
Current 
(High) (Note 5) 
Full 
- 
- 
1 
- 
- 
1 
jJA 


SWITCHING 
CHARACTERISTICS 


tOPEN. 
Break-Before 
Make 
Delay 
(HI-387/390 
Only) 
+25OC 
- 
60 
- 
- 
60 
- 
ns 


tON. Switch 
On Time 
+25OC 
- 
210 
300 
- 
210 
300 
ns 


tOFF. 
Switch 
Off Time 
+250C 
- 
160 
250 
- 
160 
250 
ns 


"Off 
Isolation" 
(Note 6) 
+250C 
- 
60 
- 
- 
60 
- 
dB 


Charge 
Injection 
(Note 7) 
+250C 
- 
3 
- 
- 
3 
- 
mV 


CS(OFF), 
Input Switch 
Capac~ance 
+250C 
- 
16 
- 
- 
16 
- 
pF 


CD(OFFj. 
Output 
Switch 
Capacitance 
+250C 
- 
14 
- 
- 
14 
- 
pF 


CD(ON). 
Output 
Switch 
Capacitance 
+250C 
- 
35 
- 
- 
35 
- 
pF 


CIN. (High) 
Digital 
Input Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


CIN, (Low) 
Digital 
Input Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


POWER 
REQUIREMENTS 


1+. Current 
(Note 8) 
+250C 
- 
0.09 
0.5 
- 
0.09 
0.5 
mA 


Full 
- 
- 
1 
- 
- 
1 
mA 


1-. Current 
(Note 8) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
jJA 


Full 
- 
- 
100 
- 
- 
- 
jJA 


1+. Current 
(Note 9) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
jJA 


Full 
- 
- 
100 
- 
- 
- 
jJA 


1-, Current 
(Note 9) 
+250C 
- 
0.01 
10 
- 
0.01 
100 
jJA 


Full 
- 
- 
100 
- 
- 
- 
jJA 


• 


1. 
As with all semiconductors, 
stresses listed under "Absolute 
Maximum 
Ratings" may be applied to devices (one at a time) without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli- 
ability. The conditions 
listed under "Electrical 
Specifications" 
are the 


only conditions 
recommended 
for satisfactory operation. 


2. 
Vs = ±10V, 'OUT = -1OmA. On resistance derived from the voltage 
measured across the switch under the above conditions. 


3. 
Vs = ±14V. Vo = ±14V. 


4. 
Vs = Vo = ±14V. 


Test Circuits 


SWITCHING 
TEST CIRCUIT 
(tON. tOFF) 


VINH 


SV 


LOGIC ""'. 
SWITCH ON- 


LOGIC 
INPUT 
OV 
, 
, 
: 
. 


SWITCH 
1 
~,O% 


OUTPUT 
OV---V: 
: 
~ 
I' 
I 
I 
---ltON!-- 
--t 
tQFF l-- 


5. 
The digital inputs are diode protected MOS gates and typicaJ leakages 
of 1nA or less can be expected. 


6. 
Vs = WRMS. 
f = 500kHz. CL = 15pF. RL = 1k. CL = CFIJ(TURE + 
CPR08E. 
"off isolation" = 20Log VsfVo· 


7. 
Vs = OV. CL = 10.000pF, 
Logic 
Drive = 5V pulse. Switches 
are 
symmetrical; Sand 
0 may be interchanged. 


B. 
VIN ~ 4V (One Input) (All Other Inpu1s = OV). 


9. 
VIN ~ O.BV (AJllnputs). 


10. 
To drive from DTlITTl 
circuits, pull-up 
resistors to +5V supply are 
recommended. 


LOGIC 
LOGIC "," 
SWITCH ON 
INPUT 
VINH~ 
ov--.J 
L-- 


i- 
\.- 
oV 
· 
I 
~ 
OUT' 
, 
, 


: 
: 
OUT 2 
SWITC~5O'.J': 
: 
I;; 


OUTPUT 
OV~!-- 


teBM -1 
r- 
~ 
I-teBM 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


Hll-0381-S 
OOClo+7SoC 
14·Pln CERDIP 
Hll-0381-2 
-SSoCto 
+12SoC 
14-Pln CERDIP 
HI2-0381-2 
-SSOCto+12SoC 
10-Pln Metal Can 
HI2-0381-S 
OOCIo +7SoC 
10-Pin Metal Can 


HI1-0384-S 
OOCIo+7S0C 
16-Pln CERDIP 
HI1-0384-2 
-SSoC to +12SoC 
16-Pln CERDIP 


HI2-0387-2 
-SSOCto+12SoC 
10-Pln Metal Can 
Hll-0387-2 
-SSOCto+12SoC 
16-Pln CERDIP 
Hll-0387-S 
OOCto +7SoC 
16-Pln CERDIP 
HI2-0387-S 
OOCto +7SoC 
10-Pln Metal Can 


Hll-0390-S 
OOCto +7SoC 
16-Pln CERDIP 
Hll-0390-2 
-SSOCto+12SoC 
16-Pln CERDIP 


RDSION) 
VS. VD AND 
RDS(ON) VS. VD AND 


TEMPERATURE 
POWER SUPPLY VOLTAGE 
.. 
"'.·.15'1 
.. 


~- 


V·--15'" 
,..)Y 
TA-25"C 
sM 
60 
~o; 
- 


02 
.. - 
- 


,- 
.- 
~~ 
, 
~~..- 
02 
- 
- 
.::::- 
''''''' -:::t::== 
'- 
- 


~l;; 
~~.. 
. 
~~-- 
-- - 
-- 
--- 
j~.. 
~~ 
. 


Oz .. 
A V.·.,SV . 
Y·--15V 
, 
~O 
• 
V.·UOV. 
V·--1OY 


-" 
.. 
, 
.. 
." 
." 
C 
Vt •••'.5V. 
Y-" -lNV 
-" 
o 
V.-"6V. 
V---W 
Vo _DRAIN VOLTAGE 
(VOl TSI 
, 
." 
.. 
, 
.. 
... ." 
-" 


DEVICE 
POWER DISSIPATION 


Yo _ORAtH 
VOlTAGE 
(VOt.TSJ 


VS. SWITCHING 
FREQUENCY 
SINGLE 
LOGIC INPUT' 


... 
=~:=:,':: 
OFF ISOLATION 


-TA-Z5OC 
VS. FREQUENCY 
_:'S·,5V 
I 
_RL-ZIl 
~ " 
1/ I 
" ':'" 
I 
~ 
3 
~ 
9 
"'- 
~.1(IOn 
I 
= 
5 .. 
" 
II 
~ 


_RL~ 
i 
A 
I 
I 
0 
40 
V••• ,J. V---1S'I I 
.., 
-0 .. 
ClOAD-:l..,f 
Z 
HI"""'" 
HI'" 
1 


"'S·'YAMS 
,,,. 
.,. 
", 
,,. 
I 
I 
I 
f _ fREOU£NCY 
IH"" 
I 
I 
I 
1 
10 
100 
lit 
101: 10lIl( .• 
LOGIC SWITCHING 
FREQUENCY 
(HII 
SOllDVTYCYClE 


ISOFF OR IDOFF VS. TEMPERATURE" 
lOON VS. TEMPERATURE" 
". 
". 


~ ~~:~,':J 
f- "'••'6'1 
'1·-·15\1 
1"01-lvsl-,4 ••• 


.., 
,. 
. 


~ 


/ 
/ 
/' 
,.. 
~ 
,., 


I 
,., 
... 
I 
" 
•• 
n. 
" 
.• 
,,, 


T- 
T£Mf'ERATURE-DC 
T - TEW"ERATUAE 
("CI 


.• The net leakage into the source or drain is the n-channelleakage 
minus the p-channelleakage. 
This difference can be positive, 


negative, or lefO depending on the analog yoltage and temperature, 
and will vary greatly from unit to unit. 


OUTPUT 
ON CAPACITANCE 
DIGITAL 
INPUT CAPACITANCE 
VS. DRAIN 
VOLTAGE 
VS. INPUT VOLTAGE 


.• 
" 
~~~ .. 
n 
§ 
TRAN$tTM)N 
(INO£T£RMINATIE 
~ .. 
.- 00£ 
TO .oIiICT1V£INPUT) 
- 


~ 
t 
~I'.~ 
•••• IH1_.l, 


g 
-- 
.. 
. 
§ ", , 
••• 
1012 
" " 
, , 
• 
I 
• 
1011' 
• .. 
Vo· DRAIN VOLTAGe 
lVOlTSI 
VIN • INPUT VOLTAGE 
(VOlTSI 


• 


SWITCHING 
TIME VS. TEMPERATURE 
ients in this circuit. 


HI-381 
THRU HII-390 
+15VY, 
.. 
v· 
10'.·,,511 


ROEN-O 
S 
./. 
V··~lSV 
.-1- .- 
0 


] 
VINH- • .oV 
I-- 
-!- "'GEN 


VINl-W 
'ON.- 
0 
R~!-Lee 
! "" 
I-- 
_f-- 


0 
I-- 
_I--";;; I-- 
1 


0 
'''~ lOp' 
0 
f- 


ON 
_J 
~ 
e- 


:OG,e1 
~ '" 
Tv. 
- 


GNO 


-=- 


-1511 
, 


-35 
_15 , " " " " '"~'" 
." 
T_TEMPERA1UREIOCI 
If 
RGEN. 
RL 
or 
CL 
is increased, 
there 
will 
be proportional 


increases 
in rise and/or 
fall 
RC 
times. 


SWITCHING 
TIME vs. POSITIVE 
SUPPLY VOLTAGE 
. 
I 
I TT 


HI-381 
THRU HI-390 
f-+-+- 
HI-38. 
thru HI-390 
. 
Hl-3ll1lNVERTED 
,. 
, 
LOGIC 
,. 
, 


.. 
... 


V- --1510' 
- 
r-l LI'ICt''f 
T 


T,,-2SOC 
· 


, VINH-·'" 
T 
" 
U 
"'lNL ~ av 
- 
0 
• 
,., 
f 
~ 
\ 
~ ,.. 
~ 
,.. 
I 
i 


\.""- 
'ON 
T 
OA 
~ 
.., 
'SEE 
NOTE 
"''' 
U 
-, 
"'GEN- 
1010' 
, 
, 
, 
" 
" 
Vt_POSITIVE 
SUI'1'LY (V) 


SWITCHING 
TIME vs. NEGATIVE 
SUPPLY VOLTAGE 
HI-381 
THRU HI-390 


..- 


., 


~ 
~ 
, 
~ 
-- 
-I 


VGri 


5V 


0 
"" 
I I 
• 
"''' 
IT 
T 
~~ 
~ 


" 


- 
10'···15\1' 
0 
i 


T,,-2SOC 
~ 
VINH-+4·0V 
• 
I 
VIHl-i 
w"~ 
, 
, 
" 
" 


:; ., 


V_ NEGATIVE SUf'f'lY 
VOLTAGE (VOL TSI 
0 , 
> 
>- .. 


~GTIV 
;r 
INPUT SWITCHING 
THRESHOLD 
vs. 
>- 
:> 
POSITIVE 
SUPPLY VOLTAGE 
~ 
HI-381 
THRU HI-390 
0 
> 


, 
· 


v-- 
-15V 


T".2SOC 
, 
, 
· 
.. 
, 
"'GEN- ~v 
.••.. 
I 
, 
TTT 
HI-31'''''''"1-3IO 


· 
I 


o 
5 
10 
15 


v- 
'OSlliVE 
SUllPLY VOLTAGE (VOlTSI 
,.. 
." 
VCEN" 
-lOV 


, ,.. ,.. 
.., ..• 
t-TtMEllolol 


.• NOTE: The turn-off time is primarily limited 
here by the RC time constant 
(lOOns) of the 


load. 


• 


;II HARRIS 
H'-5040 fhru H'-5051 
H'-5046A and H'-5047A 


• Wide Analog Signal Range 
±15V 


• Low "ON" 
Resistance 
(Typical) 
25n 


• High Current 
Capability 
(Typical) 
BOmA 


• Break-Before-Make 
Switching 
~ Turn-On 
Time (Typical) 
370ns 


~ Turn-Off 
Time (Typical) 
2BOns 


• No Latch-Up 


• Input 
MOS Gates 
Are Protected 
From 
Electrostatic 
Discharge 


• DTL, TTL, CMOS, PMOS Compatible 


• High Frequency 
Switching 


• Sample 
and Hold 


• Digital 
Filters 


• Operational 
Amplifier 
Gain Switching 


Description 


This family of CMOS analog switches offers low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. "ON" resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RON remains excep- 
tionally constant for input voltages between +5V and -5V 
and currents up to 50mA. Switch impedance also changes 
very little over temperature, particularly 
between OOC and 


+750C. 
RON 
is 
nominally 
25n 
for 
HI-5048 
through 
HI-5051 
and 
HI-5046A/5047A 
and 
50n 
for 
HI-5040 
through HI-5047. 


All devices provide break-before-make 
switching 
and are 


TTL and CMOS compatible for maximum application versa- 
tility. Performance is further enhanced by Dielectric Isola- 
tion processing which insures latch-free operation with very 
low input and output leakage currents (0.8nA at +250C). 
This family of switches also features very low power opera- 
tion (1.5mW at +250C). 


There are 14 devices in this switch series which are differ- 
entiated by type of switch action and value of RON (see 
Functional Diagram). All devices are available in 16 pin DIP 
packages. The HI-5040/5050 
switches can directly replace 


IH-5040 series devices except IH5048, and are functionally 
compatible with the DG 180/190 family. Each switch type is 
available in the -550C 
to +1250C 
and OOC to +750C 
performance grades. 


PARTNUMBER 
TYPE 
RON 


HI-5040 
SPST 
7Sl1 
HI-5041 
DUALSPST 
7Sl1 
HI-S042 
SPDT 
7Sl1 


HI-S043 
DUALSPDT 
7Sl1 


HI-S044 
DPST 
7Sl1 


HI-S045 
DUALDPST 
7Sl1 
HI-S046 
DPDT 
7Sl1 
HI-S046A 
DPDT 
2Sl1 


HI-S047 
4PST 
7Sl1 


HI-S047A 
4PST 
2Sl1 


HI-S048 
DUALSPST 
2Sl1 


HI-S049 
DUALDPST 
2Sl1 
HI-S050 
SPDT 
2Sl1 
HI-SOS1 
DUALSPDT 
2Sl1 


Pinouts 


HI-S043/51 20 LEAD PLCC 


TOP VIEW 


<) 
<) 
z 
z 


HI-5045/49 20 LEAD PLCC 


TOP VIEW 
~ ~ 


1 


Absolute Maximum Ratings 


SupplyVoltage(V+. 
V-I 
................•.•............... 
36V 
VR to Ground 
v+. V- 
Digital and Analog 
Input Voltage 
+VSUPPLY +4V 
-VSUPPLY 
-4V 
Analog Current (S to D) Continous 
......•................ 
30mA 
Analog Current(S 
to D) Peak ...........•................ 
80m A 
Total Power Dissipation· 
450mW 


Operating Temperature Range 


HI-50XX-2 
-550C 
to +1250C 
HI-50XX-5 
..............•............•........ 
DoC to +750C 
Storage Temperature 
......•.......•......... 
-650C 
to +1500C 


Electrical Specifications 
Unless 
Otherwise 
Specitied 
Supplies; 
+15V. -15V; 
VR ; 
OV; VAH (Logic 
Level High); 
3.0V. 


VAL (Logic 
Level Low) ; 
+0.8V. VL ; 
+5V For Test Conditions. 
Consult 
Performance 
Characteristics. 


Unused 
Pins are Grounded. 


-550C 
To +1250C 
oocTo 
+750C 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
SWITCH CHARACTERISTICS 


Analog 
Signal Range 
Full 
-15 
- 
+15 
-15 
- 
+15 
V 


RON. On Resistance 
(Note 1a) 
+25OC 
- 
50 
- 
- 
50 
- 
n 


Full 
- 
- 
75 
- 
- 
75 
n 


RON. On Resistance 
(Note 1b) 
+250C 
- 
25 
- 
- 
25 
- 
n 


Full 
- 
- 
50 
- 
- 
50 
n 


RON. Channel-to-Channel 
Match (Note 1a) 
+25OC 
- 
2 
10 
- 
2 
10 
n 


RON. ChanneHo-Channel 
Match (Note 1b) 
+25OC 
- 
1 
5 
- 
1 
5 
n 


IS(OFF); 
IO(OFF). Oil Input or Output 
+25OC 
- 
0.8 
- 
- 
0.8 
- 
nA 


Leakage 
Current 
Full 
- 
100 
500 
- 
100 
500 
nA 


IO(ON). On Leakage 
Current 
+25OC 
- 
0.01 
- 
- 
0.01 
- 
nA 


Full 
- 
2 
500 
- 
2 
500 
nA 


DIGITAL INPUT CHARACTERISTICS 


VAL. Input Low Threshold 
Full 
- 
- 
0.8 
- 
- 
0.8 
V 


VAH. Input High Threshold 
Full 
3.0 
- 
- 
3.0 
- 
- 
V 


'A. Input Leakage 
Current 
(High or Low) 
Full 
- 
0.01 
1.0 
- 
0.01 
1.0 
IlA 


SWITCHING 
CHARACTERISTICS 


tON. Switch 
On Time 
+250C 
- 
370 
1000 
- 
370 
1000 
ns 


tOFF. Switch 
Oil Time 
+250C 
- 
280 
500 
- 
280 
500 
ns 


Charge Injection 
(Note 2) 
+250C 
- 
5 
20 
- 
5 
- 
mV 


"Oil 
Isolation" 
(Note 3) 
+250C 
75 
80 
- 
- 
80 
- 
dB 


"Crosstalk" 
(Note 3) 
+25OC 
80 
88 
- 
- 
88 
- 
dB 


CS(OFF). Input Switch 
Capacitance 
+25OC 
- 
11 
- 
- 
11 
- 
pF 


CO(OFF)} 
+25OC 
- 
11 
- 
- 
11 
- 
pF 


CO(ON). 


Output Switch Capacitance 
+25OC 
- 
22 
- 
- 
22 
- 
pF 


CA. Digital Input Capacitance 
+250C 
- 
5 
- 
- 
5 
- 
pF 


COS(OFF). Orain- To-Source 
Capacitance 
+250C 
- 
0.5 
- 
- 
0.5 
- 
pF 


POWER 
REOUIREMENTS 


PO. Quiescent 
Power Dissipation 
+250C 
- 
1.5 
- 
- 
1.5 
- 
mW 


1+, +15V 
Quiescent 
Current 
Full 
- 
- 
0.3 
- 
- 
0.5 
mA 


1-, -15V Quiescent 
Current 
Full 
- 
- 
0.3 
- 
- 
0.5 
mA 


IL. +SV Quiescent 
Current 
Full 
- 
- 
0.3 
- 
- 
0.5 
mA 


IA. Ground 
Quiescent 
Current 
Full 
- 
- 
0.3 
- 
- 
0.5 
mA 


NOTES: 


1. VOUT 
= ±10V. 
loUT 
= 1 mA 


a). For HI-S040 
thru HI-S047 


b). For HI-5048 
thru HI-50S1, 
HI-5046A15047A. 


2. VIN = OV. CL = 10.000pF. 


3. RL = lOOn. 
f = 100kHz. 
VIN = 2.0Vp_p• 
CL = 5pF. 


• 


~ 
Switch Functions 
SWITCH 
STATES ARE FOR LOGIC 
"1" 
INPUT 
o:r 
5P5T 
DUAL 5P5T 
5PDT 
0 
HI-S040 
(750) 
HI-S041 (750) 
HI-S042 
(750) 
Ln 
...!. 
VL 
V+ 
VL 
V+ 
VL 
V+ 
::I: 
12 
11 
12 
11 
12 
11 
'0 
16 
16 
16 
C 
5 
D 
51 
01 
51 
°1 
nl 
I 
oCt 
I 
4 
3 
CO 
A1 
.. 
52 
D2 
o:r 
A2 
0 
, 
15 
Ln 
A 
I 
A 
...!. 
9 
8 
D2 
::I: 
52 


13 
14 
13 
14 
13 
14 
•.. 
Ln 
VR 
V - 
VR 
V - 
VR 
V - 
0 
Ln 
...!. 
DUAL 5POT 
DP5T 
OUAL OP5T 
::I: 
HI-S043 
(750) 
HI-S044 (750) 
HI-S04S (750) 
~ 
VL 
V+ 
VL 
V+ 
VL 
V+ 
•.. 
.s::. 
12 
11 
12 
11 
- 
0 
16 
16 
o:r 
51 
D1 
51 
D1 
51 
3 
D1 
0 
53 
D3 
53 
03 


Ln 
A1 
4 
3 
A1 
...!. 
52 
D2 
::I: 
A2 
A2 


8 


52 
D2 
A 
52 
°2 
6 
54 
°4 
54 
D4 


VR 
V - 
VR 
V - 
VR 
V - 


DPDT 
4P5T 
OUAL 5P5T 
HI-S046 
(750) 
HI-S047 (750) 
HI-S048 
(250) 
HI-S046A 
(250) 
HI-S047A 
(250) 


VL 
V+ 
VL 
V+ 
VL 
V+ 


12 
11 


4 
3 
4 
3 


51 
°1 
51 
01 
51 
°1 
16 
I 
52 
D2 
52 
02 
I 
9 
8 
A1 
.. 
53 
D3 
53 
03 
6 
A2 
54 
04 
54 
04 


A 
A 
5 
6 


°2 
52 


14 


VR 
V - 
VR 
V - 
VR 
V - 


OUAL DP5T 
5PDT 
DUAL 5PDT 
HI-S049 
(250) 
HI-SOSO (250) 
HI-SOS1 (250) 


VL 
V+ 
VL 
V+ 
VL 
V+ 


12 
11 
12 
11 


16 
16 
51 
3 
01 
51 
D1 
51 
4 
01 


53 
°3 
53 
15 
°3 
4 
3 
A1 
52 
D2 
A1 


A2 
10 
A2 


52 
8 
15 
9 
02 
A 
52 
02 
6 
S 
54 
04 
54 
D4 


14 


VR 
V - 
VR 
V - 
VR 
V - 


7-78 


rlll,",UIII'YUIOIIUII.::> 
SINGLE CONTROL 
SPST 
HI-5040 
(75fl) 


DPDT 
HI-5046 
(75fl) 
HI-5046A 
(25fl) 


DUAL CONTROL 
DUAL SPST 
HI-5041 
(75fl) 


SPOT 
HI-5042 
(75fl) 
HI-5050 
(25fl) 


4PST 
HI-5047 
(750) 
HI-5047 A(250) 


DUAL SPOT 
HI-5043 
(75fl) 
HI-5051 
(25fl) 


DUAL DPST 
HI-5045 
(75fl) 
HI-5049 
(25fl) 
• 


Performance Characteristics and Test Circuits 


Unless Otherwise 
Specified: 
TA = +250C. 
V+ = +15V. V- = -15V. VL = +5V. VR = OV,VAH = 3.0V and VAL = O.BV 


:uu 
_V 
2 
_ 


lOUT 
I 


•• 
E 
Q. 
60 


V+ = + 12V 


UJ 
V- 
= 
-12V 
U 
Z 
V+ = + 10V 
./1 
< 
40 
V- = 
-10V 
~ 
........ 
r-.- 
L:::::/ 
I ...... 
Cii 
UJ 
-I-- 
-""--1 
a: 
Z 
20 
V+ 
+ 15V 
~ 
V- = 
-15V 


0 
I 
-15 
-10 
-5 
0 
+5 
+ 10 
+15 


UJU 
~ G" 
1.2 
~~ 
(/)'" 
ll!+ 
.0 
Zt- 
~fa 
Da: 
UJa: 
NUJ 
::Ju- 
<UJ 
::;a: 
a:- 
o 
Z 


vI-- 


,/ 


i H 


- 
/ 
- 
V - 
- 


I S(OFF) = IO(OFF) 
,/ 


./ 
V 
/' 


- 


IO(ON) 
"/ 
- 


./V 


~ 


./" 


,OnA 


•... 
Z 
W 
0: 
0: 
::> 
U 
lnA 
wto 
::i« 
w 
...J 


l00pA 


500 
750 
HX>0 


TEMPERATURE 
(0 C) 


_v 


wUz«tii~ 1.3 
ffl- 
0:0. •... 
Z CI 
1.2 
~~ 
00: 
Ww 


~~ 
1.1 
::1;- 
0:oZ 


~ 
±10V= 
=+10V 
~ 
~ 
V",) 
50XlC 
-03 


= 
±10V 


~ 
• 


zo 
-120 
g 
o!il 
ito 


200 


§' 
.§. 
160 


z0 
ii: 
120 
:l::> 
<Il 
Z0 
80 
u 
a: 
UJ~ 
0 
40 
0. 


I 
1/ 


1/ 
/ 
./ 


bi 
-- 
o 
o 
lK 
10K 
lOOK 
1M 


TOGGLE 
FREQUENCY 
(50% 
DUTY 
CYCLE) 
(Hz) 


IN E9fOUT 
V 11-....._... 
V<JUT 
IN rv 
50n 
R 
(2V)pp 
L 


"OFF" ISOLATION 
~ 
20 LOG_ ~) 


\VOUT 


"CROSSTALK" 
= 
20 LOG (~) 


VOUT 


-lOV 


TOGGLE 
AT 50,*, 
DUTY 


Switching 
Characteristics 
ON/OFF 
SWITCH 
TIME 
vs. LOGIC 
LEVEL 


VAH 


VAL~ 
I 
VA 
I 
I 
I 
I 
:90%t 
90% 


1N1 
I 
I 
. 
, 
I 
I 
OUT 
1 
., 
I 
, 
+ 10V 
~tON 
~ 
~ 
tOFF---- 
I 
OUT2 
IN2 
"l'"'-J 
. 
~90% 
~90% 
• 
I 
I 
I 
1K. > 
1K.> 
•> 
.> 
I 
I 
I 
VA 
;. 
> 
1 
I 
1 
I 
---I .-- 


'oE 
..., 
tOFF 
tON 


SWITCHING 
TIMES 
FOR POSITIVE 
OIGITAL 
TRANSITION 
SWITCHING 
TIMES 
FOR NEGATIVE 
DIGITAL 
TRANSITION 


720 
720 


660 
660 
/ 
600 
600 


540 \ 


540 
1/ 
480 
480 


420 
"-.. 


420 
/ 
\ 
r--.- 


tON 
V 
/ 
360 
"- 
l- 
tON 
360 
V 
- 


..l--- 
./ 
300 
300 
- 
I 
./ 
...•.... 
t OFF 
240 
240 
--t--- 


t OFF ~ 


......- 


180 
180 
-I-- 


120 
120 


60 
60 
2.4V 
3.0V 
3.6V 
4.2V 
4.BV 
OV 
0.5V 
1.0V 
1.5V· 


OIGITAL "HIGH" (VAH) 
DIGITAL "LOW" (VAL) 


Switching 
Waveforms 


Top: 
TIL 
Input (1VlDiv.) 
Top: 
CMOS 
Input (5V1Div.) 
VAH = 3V, VAL = O.BV 
VAH = 10V. VAL = OV 


Bottom: 
Output 
(5V1Div.) 
Bottom: 
Oulput 
(5V1Div.) 


Horizontal: 
200ns/Div. 
Horizontal: 
200ns/Div. 


INPUT 
INPUTI-- 


" 
'" 
,,, 


r 
\ 


OUTPUT 
J 
OUTPUT 


• 


V+ 
V+ 
R3 


200~~ 
:: 


TO P2 


V· 


VL 


ALL 
N-CHANNEL 


BODIES TO v- 


ALL 
P-CHANNEL 


BODIES 
TO V+ 


EXCEPT 
AS SHOWN 


r! 
"l:t 
0 
Ln 
~J: 
'0 
C 
CIS 


~ 
"l:t 
0 


Al 
Ln 
~ 
Al 
J: 
A2 


A2 
,... 
Ln 
0 
Ln 
~J: 
::J•.. 
.r:.- 
0 
"l:t0 
Ln 
~J: 
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t! 
Ordering Information 
~o 
It)..:. 
:I: 
'Cc:m 


~~o 
It)..:. 
:I: 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI1-5040-7 
(lOe 10+ 7SoC + 96 Hr. Burn-In 
16-Pin CERDIP 
HI3-S040-S 
Ooelo 
+7Soe 
16·Pin Plastic DIP 
Hll-S040-2 
-SSoelo+12Soe 
16-Pin CERDIP 
HI1-S040-S 
ooe1o +75oe 
16-Pin CERDIP 


HI3-S041-S 
Ooelo 
+7Soe 
16-Pin Plastic 
DIP 
HI1-S041-S 
ooe to +7Soe 
16-Pin CERDIP 
HI1-S041-2 
-ssoe 
to + 12Soe 
16-Pin CERDIP 
Hll-S041-7 
ooe to + 7Soe + 96 Hr. Burn-In 
16-Pin CERDIP 


HI3-S042-S 
Ooelo 
+7Soe 
16-Pin Plaslic 
DIP 
Hll-S042-S 
Ooelo+7Soe 
16-Pin CERDIP 
HI1-5042-7 
OOCto +750C + 96 Hr. Burn-In 
16-Pin CERDIP 
Hll-S042-2 
-ssoe 
10+ 12Soe 
16-Pin CERDIP 


Hll-S043-7 
(lOe to + 7Soe + 96 Hr. Burn-In 
16-Pin CERDIP 
H14P5043-5 
oOe1o +7Soe 
20-Pin 
PLCC 
Hll-S043-2 
-5Soe 
10+ 12Soe 
16-Pin CERDIP 
HI3-S049-S 
Ooelo+7Soe 
16·Pin Plastic DIP 
Hll-S043-S 
Ooelo+7Soe 
16-Pin CERDIP 


HI1-S044-7 
(lOe 10+ 7Soe + 96 Hr. Burn-In 
16-Pin CERDIP 
HI1-S044-S 
ooe1o +7Soe 
16-Pin CERDIP 
HI3-S044-S 
ooe1o 
+7Soe 
16-Pin Plastic 
DIP 
HI1-S044-2 
-ssoe 
10+12Soe 
16-Pin CERDIP 


Hll-S04S-S 
ooe to +7Soe 
16-Pin CERDIP 
Hll-S04S-7 
ooe 10+ 7Soe + 96 Hr. Burn-In 
16-Pin CERDIP 
HI1-S04S-2 
-sSOeto+12Soe 
16-Pin CERDIP 
HI3-S04S-S 
OOCto +750C 
16-Pin Plaslic 
DIP 
HI4PS04S-S 
OOCto +7SoC 
20-Pin 
PLCC 


HI1-S046-2 
-SSoC to + 12SoC 
16-Pin CERDIP 
Hll-S046-S 
ooe to +7S0e 
16-Pin CERDIP 
Hll-S046-7 
(lOC 10+ 750C + 96 Hr".Burn-In 
16-Pin CERDIP 
HI3-S046-S 
ooe to +7SoC 
16-Pin Plaslic 
DIP 


HI1-S046A-7 
(lOC 10+ 750C + 96 Hr. Burn-In 
16-Pin CERDIP 
HI3-5046A-S 
OOC10+750C 
16-Pin Plaslic 
DIP 
HI1-S046A-2 
-SSoC to +12SoC 
16-Pin CERDIP 
HI1-S046A-S 
OOCto +7SoC 
16-Pin CERDIP 


HI1-5047-S 
OOCto+75oC 
16-Pin CERDIP 
HI1-S047-7 
(lOC 10+ 7SoC + 96 Hr. Burn-In 
16-Pin CERDIP 
HI1-5047-2 
-SSoC 10+12SoC 
16-Pin CERDIP 
HI3-S047-S 
OOC10+7SoC 
16-Pin Plaslic 
DIP 


HI1-S047A-S 
OOC10+7SoC 
16-Pin CERDIP 
HI1-S047A-2 
-SSoC 10+12SoC 
16-Pin CERDIP 
HI3-S047A-S 
OOClo+75oC 
16-Pin Plaslic 
DIP 
HI1-S047A-7 
(lOC 10+ 7SoC + 96 Hr. Burn-In 
16-Pin CERDIP 


HI1-S048-S 
OOC10+7SoC 
16-Pin CERDIP 
HI1-S048-7 
(lOC 10+ 7SoC + 96 Hr. Burn-In 
16-Pin CERDIP 
HI3-S048-S 
OOClo+75oC 
16-Pin Plastic 
DIP 
HI1-S048-2 
-SSoClo+12Soe 
16-Pin CERDIP 


H14P5049-S 
OOClo+7SoC 
20-Pin 
PLCC 


HI1-S049-S 
OOClo+7SoC 
16-Pin CERDIP 
HI1-S049-2 
-SSoC 10+12SoC 
16-Pin CERDIP 
HI3-S049-S 
OOClo+7SoC 
16-Pln Plaslic 
DIP 
Hll-S049-7 
(lOe 10+ 7SoC + 96 Hr. Burn-In 
16-Pln CERDIP 


Hll-SOSO-S 
OOCto +7SoC 
16-Pin CERDIP 
Hll-SOSO-2 
-SSoClo+12SoC 
16-Pin CERDIP 
HI3-S0S0-S 
OOClo+7SoC 
16-Pln Plastic 
DIP 
HI1-S0S0-7 
(lOC to + 7SoC + 96 Hr. Burn-In 
16-Pin CERDIP 


HI1-S0S1-S 
OOCto +7SoC 
16-Pin CERDIP 
Hll-S0Sl-2 
·-SSoClo+12Soe 
16-Pin CERDIP 
Hll-S0Sl-7 
(lOe 10+ 750C + 96 Hr. Burn-In 
16-Pin CERDIP 
HI4PSOS1-S 
OOClo+7SoC 
20-Pin 
PLCC 
HI3-sdsl-S 
Ooelo+7SoC 
16-Pin Plasllc 
DIP 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
IH401A 
is made 
up of 4 monolithically 
constructed 
combinations 
of a varactor 
type 
diode 
and 
an N-channel 
JFET. The JFET itself is very similar to the popular 
2N4391, 
and the driver 
diode 
is specially 
designed, 
such that its ca- 
pacitance 
is a strong 
function 
of the voltage 
across 
it. The 
driver 
diode 
is electrically 
in series 
with the gate of the 
N- 
channel 
FET and simulates 
a back-to-back 
diode structure. 


This 
structure 
is needed 
to 
prevent 
forward 
biasing 
the 
source-to-gate 
or drain-to-gate 
junctions 
of the JFET when 
used in switching 
applications. 


Previous 
applications 
of JFETs 
required 
the 
addition 
of 
diodes, 
in series with the gate, and then perhaps 
a gate-to- 
source 
referral 
resistor 
or a capacitor 
in parallel 
with 
the 
diode; 
therefore, 
at least 
3 components 
were 
required 
to 
perform 
the switch 
function. 
The IH401A 
does this same job 
in one 
component 
(with 
a great 
deal 
better 
performance 
characteristics). 


Like a standard 
JFET, to practically 
perform 
a solid state 
switch 
function 
a translator 
should 
be added 
to drive 
the 
diode. 
This 
translator 
takes 
the 
TIL 
levels 
and 
converts 
them 
to voltages 
required 
to drive 
the 
diode/FET 
system 
(typically 
a OV to -15V 
translation 
and a 3V to + 15V shift). 


With ± 15V power 
supplies, 
the IH401 A will typically 
switch 
22Vp_p at any frequency 
from 
DC to 20MHz, 
with less than 
50.fl 
RDS(on). 


IH401A 
QUAD Varafet 
Analog Switch 


FEATURES 


• ROS{on) = 35.fl Typical 


• 
10(011) of 
10pA Typical 


• Switching 
Times 
of 25ns 
for 
ton and 
75ns 
for 
tott 
(RL = 1k.fl) 


• Built-In 
Overvoltage 
Protection 
(± 25V) 


• Charge 
Injection 
Error 
of 3mV Typical 
Into 
O.01/LF 
Capacitor 


• Ciss < 1pF Typical 


• Can Be Used 
for 
Hybrid 
Construction 


Part Number 


IH401A 


Package 


CERDIP 


Figure 
1: Pin Configuration 
(Outline 
Dwg 
JE) 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIeD 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


• 


C 
'P'o~! ABSOLUTE 
MAXIMUM 
RATINGS 


VstoVo 
3SV 
%~~~ 
~ 
Operating 
Temperature 
-SS·C 
to + 12S·C 
Storage 
Temperature 
-6S·C 
to + lS0·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
to the device. 
These are streSS ratings only 
and func/ional operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not 
implied. Exposure 
to absolute maximum 
rating conditions 
for extended 
peri· 


ods 
may 
affect 
device 
reliability. 


Symbol 
Characteristic 
Test Conditions 
IH401A 
Units 
Mln 
Typ 
Max 


RoS(on) 
Switch 
"on" 
Resistance 
VoRIVE=lSV, 
VoRAIN= 
-10V,10= 
lamA 
35 
50 
n 


Vp 
Pinch-Off 
Voltage 
10= lnA, 
Vos= 
10V 
2 
4 
5 
V 


10(011) 
Switch 
"off" 
Current 
VoRIVE= 
-lSV, 
or "off" 
Leakage 
VSOURCE= 
-10V, 
10 
±SOO 
pA 


VoRAIN = + 10V 


lo(off) 
Switch 
"off" 
Leakage 
VoRIVE = -lSV, 
at 12S·C 
VSOURCE= 
-10V, 
0.25 
50 
nA 


VoRAIN= 
+10V 


IS(oll) 
Switch 
"off" 
Current 
VoRIVE= 
-lSV, 


VoRAIN= 
-10V, 
10 
±SOO 
pA 


VSOURCE= 
+ 10V 


IS(oll) 
Switch 
"off" 
Leakage 
VoRIVE= 
-lSV. 


at 12S·C 
VSOURCE= 
-10V, 
0.3 
50 
nA 


VoRAIN=+10V 


lo(on) + 
IS(on) 
Switch 
Leakage 
when 
Vo=Vs= 
-10V, 
0.02 
±2 
nA 
Turned 
"on" 
VoRIVE= 
+lSV 


Vanalog 
AC Input Voltage 
Range 
See Figure 3 
20 
22 
Vp_p 
without 
Distortion 


Viniect 
Charge 
Injection 
Amplitude 
See Figure 4 
3 
mVp_p 


BVdiode 
Diode Reverse 
Breakdown 
Vo=Vs= 
-V, 


Voltage. 
This Correlates 
to 
10RIVE= 1p.A, 
-30 
-45 
V 
Overvoltage 
Protection 
oRIVE=OV 


BVGSS 
Gate to Source 
or Gate 
VoRIVE= 
-V, 
to Drain Reverse 
Vo=Vs=OV, 
30 
41 
V 
Breakdown 
Voltage 
oRIVE= 
lp.A 


loss 
Maximum 
Current 
Switch 
VoRIVE = lSV, Vs = OV, 


can Deliver 
(Pulsed) 
0= 
+10V 
35 
55 
mA 


ton 
Switch 
"on" 
time (Note 1) 
See Figure 2 
50 
ns 


toff 
Switch 
"off" 
time (Ncte 
1) 
See Figure 2 
150 
ns 


+15V 
-15vSL 


STROBE 
I",PUT 


SIGNAL 


~ 


15V 
'SV 


Your 


,,,, 


Figure 3: Analog Input Voltage Range 
Test Circuit 


APPLICATIONS 
IH401 Family 


. In general, 
the IH401A 
family can be used in any applica- 
tion 
formally 
using 
a 
JFET /isolation 
diode 
combination 
(2N4391 
or similar). 
Like standard 
FET circuits, 
the IH401 A 
requires 
a translator 
for normal 
analog 
switch 
function. 
The 
translator 
is used 
to 
boost 
the 
TIL 
input 
signals 
to 
the 
± 15V analog 
supply 
levels 
which 
allow the IH401 A to han- 
dle ± 10V analog 
signals. 
A typical 
simple 
PNP translator 
is 
shown 
in Figure 
5. 


OVL..r 


-15V 


Although 
this simple 
PNP circuit represents 
a minimum 
of 
components, 
it requires 
open collector 
TIL 
input and t(off) is 
limited 
by the collector 
load 
resistor 
(approximately 
1.5/-,s 
for 
10kl1). 
Improved 
switching 
speed 
can 
be obtained 
by 
increasing 
the complexity 
of the translator 
stage. 


A translator 
which 
overcomes 
the problems 
of the simple 
• 
PNP stage 
is the Harris 
IH6201.· 
This translator 
driving 
an 
IH401 A varafet 
produces 
the following 
typical 
features: 


• 
Ion time of approx. 
200ns 
} 
break 
before 
• 
toft time of approx. 
BOns 
make switch 


+2.4Y 
• 
TIL 
compatible 
strobing 
levels 
of 
,......, 
o.4v-I 
'-- 


• 
lo(on) + IS(on) typically 
20pA up to ± 10V analog 
signals 
• 
lo(off) or IS(off) typically 
20pA 
• 
Quiescent 
current 
drain of approx. 
100nA 
in either 
"on" 


or "off': 
case 


'The 
IH6201 
is a dual translator 
(two independent 
trans- 
lators 
per 
package) 
constructed 
from 
monolithic 
CMOS 
technology. 
The schematic 
of one-half 
IH6201, 
driving 
one- 
fourth 
of an IH401 A, is shown 
in Figure 6. 


UV 
,......, 
TTL OR 


O.4V..J 
~ 
CMOS 


INPUT 
STROlE 


r----l 
I 
I 
I 
I 
I 
I 
I 


I 
S 
I 


L_V~Af.E_J 
+15V 


8 -15V-I':'L 


I 
I 
I 
I 


I 
I 
8 +15V-L.J- 


-15V 


·Jv 


OVSLr2l1 


A very useful 
feature 
of this system 
is that one-half 
of an 
IH6201 
and one-half 
of an IH401A 
can combine 
to make a 
SPOT switch, 
or an IH6201 
plus an IH401A 
can make a dual 
SPOT analog 
switch. 
(See Figure 9) 
• 


HARRIS 
SEMICONDUCTOR 


o 
~ 
GENERAL DESCRIPTION 


II) 
The 
IH5009 
series 
of analog 
switches 
were 
designed 
to 
J, 
fill the need for an easy-to-use, 
inexpensive 
switch 
for both 
.•• 
industrial 
and 
military 
applications. 
Although 
low cost 
is a 
:g 
primary 
design 
objective, 
performance 
and versatility 
have 
not been sacrificed. 


~ 
Each package 
contains 
up to four channels 
of analog 
gat- 
e; 
ing and 
is designed 
to eliminate 
the 
need 
for an external 
II) 
driver. 
The odd numbered 
devices 
are designed 
to be driv- 
C'i 
en directly 
from TIL 
open collector 
logic (15 volts) while the 
.•• 
even 
numbered 
devices 
are driven 
directly 
from 
low level 
o 
TIL 
logic (5 volts). 
Each channel 
simulates 
a SPOT switch. 
II) 
SPST 
switch 
action 
is obtained 
by leaving 
the diode 
cath- 
~ 
ode unconnected; 
for SPOT action, 
the cathode 
should 
be 
o 
grounded 
(OV). The parts are intended 
for high performance 
o 
multiplexing 
and commutating 
usage. 
A logic "0" 
turns 
the 
II) 
channel 
ON and a logic "1" 
turns the channel 
OFF. 
~ 


Basic 
Channels 
Logic 
Packages 
Part Number 
Level 


IH5009 
4 
+15 
DD,PD 


IH5010 
4 
+5 
DD,PD 


IH5011 
4 
+15 
DE,PE 


IH5012 
4 
+5 
DE,PE 


IH5014 
3 
+5 
DD,PD 


IH5016 
3 
+5 
DE,PE 


IH5017 
2 
+15 
DD,PA 


IH5018 
2 
+5 
DD,PA 


IH5019 
2 
+15 
DE,PA 


IH5020 
2 
+5 
DE,PA 


IH5022 
1 
+5 
DD,PA 


IH5024 
1 
+5 
DE,PA 


IH5009-5012, 
5014, 
5016-5020,5022,5024 
Virtual Ground 
Analog Switch 


FEATURES 


• Switches 
Analog 
Signals 
Up to 20 Volts 
Peak-to-Peak 


• Each Channel 
Complete 
- 
Interfaces 
With Most 
Integrated 
Logic 


• Switching 
Speeds 
Less Than 
O.Sl'-s 


• IO(OFF) Less Than 
SOOpA Typical 
at 70"C 


• Effective 
rds(ON) - sn to son 


• Commercial 
and Military 
Temperature 
Range 
Operation 


IH50XX 
M 
DE 


LpaCkage 


PA - 8-pin PLASTIC 
DIP 


PO - 14-PIN PLASTIC 
DIP 


PE - 16-PIN PLASTIC 
DIP 


DO - 14-PIN CERAMIC 
DIP 


DE - 16-PIN CERAMIC 
DIP 


TEMPERATURE 
RANGE 


M = MILITARY 
(-55"C 
to + 125"C) 


C = COMMERCIAL 
(O"C to + 70"C) 


BASIC PART NUMBER 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDtTlON 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


Positive 
Analog 
Signal Voltage 
30V 
Negative 
Analog 
Signal Voltage 
.....•..•..•...... 
-15V 
Diode Current 
10mA 
Power Dissipation 
(Note) 
500mW 
Storage 
Temperature 
-65·C 
to + 150·C 


Lead Temperature 
(Soldering, 
1Osee) 
300·C 


Operating 
Temperature 
5009C Series 
O·C to + 70·C 


5009M 
Series 
.. . . . . . . . . . . . . . . . . . .. 
- 55·C to + 125·C 


Lead Temperature 
(Soldering, 
10see) 
300·C o 


('Io 
NOTE: Dissipation 
rating assumes device is mounted 
with all leads welded or soldered 
to printed circuit board in ambient temperature 
below 75°C. For higher 
It) 


temperature, derate at rate of 5mIWC. 
I 


NOTE: Stresses above those tisted under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
~ 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
0 


maximum rating conditions 
for extended periods 
may affect device reliability. 
10 


IH5009 (rOS(ON)" 10011) IH5010 
(rOS(ON),,15011) 14 PIN DIP 
(OUTLINE 
DWGS DD, PD, JD) 


IH5016 
(rOS(ON)" 15011) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 


0284-4 


IH5022 (rOSlON)" 15011) 
8 PIN DIP (OUTLINE 
DWGS DD, PA, JD) 


IH5011 (rOS(ON),,10011) IH5012 
(rOS(ON)" 15011) 16 PIN DIP 
(OUTLINE 
DWGS DE, PE, JE) 


IH5017 (rOSlON)" 10011) IH5018 
(rOS(ON)" 15011) 8 PIN DIP 
(OUTLINE DWGS DD, PA, JD) 


.;.•.o 
I/) 
N.•.o 
I/) 
I 
Gloo 
I/) 


0284-3 
! 


IH5014 


(rOS(ON)" 15011) 14 PIN DIP 
(OUTLINE 
DWGS DD, PE, JE) 


IH5019 (rOS(ON)" 10011) IH5020 
(rOS(ON)" 15011) 8 PIN DIP 
(OUTLINE DWGS DE, PA, JE) 
,,;,¥t~~. ~,,~ 


IlJl 
I 
I~------- • 


IH5009 (rDS(ON)~ 1000) 
IH5010 (rDS(ON)~ 1500) 
14 PIN DlP 


IH5017 (rDS(ON)~ 1000) 
IH5018 (rDS(ON)~ 1500) 


8 PIN DIP 


'~' , 
, 
, 
, 
. . 


IH5011 (rDS(ON) ~ 1000) 
IH5012 (rDS(ON\~ 1500) 
16 PIN D P 


IH5019 (rDS(ON)~ 1000) 
IH5020 (rDS(ON)~ 1500) 
SPIN DIP 


'~'t. L 
.~ 
. 
t. )" 


'~'t. L 
'~8 


t. 
J" 
"~. 
t2 
bl0 


'tTTTr' 
, 
, 
, 
'TT' 


2 


TEST 
Specification 
Limit 


Symbol 
Characteristic 
Type 
Conditions 
-55°C 
(M) 
25°C 
+ 125°C (M) Units 
(Note 
1) 
(Note 
4) 
(Note 
2) 
DOC(C) 
+7DOC(C) 


MinIMax 
Typ 
MinIMax 
MinIMax 


IIN(ON) 
Input Current-ON 
ALL 
VIN=OV,10=2mA 
0.01 
±0.5 
100 
IJ-A 


IIN(OFF) 
Input Current-OFF 
5V Logic Ckts 
VIN= 
+4.5V, 
VA= 
±10V 
0.04 
±0.5 
20 
nA 


IIN(OFF) 
Input Current-OFF 
15V Logic Ckts VIN= 
+ l1V, 
VA= 
± 10V 
0.04 
±0.5 
20 
nA 


VIN(ON) 
Channel 
Control 
Voltage-ON 
5V Logic Ckts 
See Figure 7, Note 3 
0.5 
0.5 
0.5 
V 


VIN(ON) 
Channel 
Control 
Voltage-ON 
15V Logic Ckts See Figure 8, Note 3 
1.5 
1.5 
1.5 
V 


VIN(OFF) Channel 
Control 
Voltage-OFF 
5V Logic Gkts 
See Figure 6, Note 3 
4.5 
4.5 
V 


VIN(OFF) Channel 
Control 
Voltage-OFF 
15V Logic Ckts See Figure 8, Note 3 
11.0 
11.0 
V 


10(OFF) 
Leakage 
Current-OFF 
5V Logic Ckts 
VIN= 
+4.5V, 
VA= 
±10V 
0.02 
±0.5 
20 
nA 


10(OFF) 
Leakage 
Current-OFF 
15V Logic Ckts VIN= 
+llV, 
VA= 
±10V 
0.02 
±0.5 
20 
nA 


10(ON) 
Leakage 
Current-ON 
5V Logic Ckts 
VIN=OV,ls=lmA 
0.30 
±1.0 
1000(M) 
nA 
200 (C) 


10(ON) 
Leakage 
Current-ON 
15V Logic Ckts VIN=OV, 
IS= lmA 
0.10 
±0.5 
500(M) 
nA 
100 (C) 


10(ON) 
Leakage 
Current-ON 
5V Logic Ckts 
VIN=OV,ls=2mA 
1.0 
10 
IJ-A 


10(ON) 
Leakage 
Current-ON 
15V Logic Ckts VIN=OV,ls=2mA 
2.0 
100 
IJ-A 


rOS(ON) 
Drain-Source 
ON-Resistance 
5V Logic Ckts 
10=2mA, 
VIN=0.5V 
150 
90 
150 
385 (M) 
n 
240 (C) 


rOS(ON) 
Drain-Source 
ON-Resistance 
15V Logic Ckts 10= 2mA, VIN = 1.5V 
100 
80 
100 
250 (M) 
n 
160 (C) 


t(on) 
Turn-ON 
Time 
All 
See Figures 5 & 6 
150 
500 
ns 


t(off) 
Turn-OFF 
Time 
All 
See Figures 5 & 6 
300 
500 
ns 


CT 
Cross Talk 
All 
f= 
100Hz 
120 
dB 


NOTES: 1. (OFF) and (ON) subscript 
notation refers to the conduction 
state of the FET switch for the given test. 


2. Refer to Figure 2 for definition of terms. 
3. VIN(ON) and VIN(OFF) are test conditions 
guaranteed 
by the tests of rOS(ON)and IO(OFFjrespectively. 
4. "5V Logic CKTS" 
applies to even-numbered 
devices. "15V Logic CKTS" 
applies to odd-numbered 
devices. 
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DETAILED 
DESCRIPTION 


The signals 
seen at the drain of a junction 
FET type ana- 
log 
switch 
can 
be 
arbitrarily 
divided 
into 
two 
categories; 


those 
which 
are less than 
± 200mV, 
and those 
which 
are 
greater 
than 
± 200mV. 
The 
former 
category 
includes 
all 
those 
circuits 
where 
switching 
is performed 
at the 
virtual 
ground 
point of an op-amp, 
and it is primarily 
towards 
these 
applications 
that the IH5009 
family 
of circuits 
is directed. 


By limiting 
the 
analog 
signal 
at the 
switching 
point 
to 


±200mV, 
no external 
driver 
is required 
and the 
need 
for 
additional 
power 
supplies 
is eliminated. 


Devices 
are available 
with both common 
drains 
and with 
uncommitted 
drains. 


IO(OFF}vs. TEMPERATURE 
~1'" 
o,! 
a ••• 
~ 
~, 
~ 
E 


Those 
devices 
which 
feature 
common 
drains 
have anoth- 
er FET in addition 
to the channel 
switches. 
This FET, which 
has gate 
and 
source 
connected 
such 
that 
VGS=O, 
is in- 
tended 
to compensate 
for the on-resistance 
of the switch. 


When 
placed 
in series with the feedback 
resistor 
(Figure 
3) 
the gain is given by: 


GAIN- 10kD. +rDS(ON)(COmpensator). 


10kD. + rDS(swilch) 


Clearly, 
the gain error caused 
by the switch 
is dependent 
on the 
match 
between 
the 
FETs 
rather 
than 
the absolute 
value 
of the 
FET on-resistance. 
For the standard 
product, 
all the 
FETs 
in a given 
package 
are guaranteed 
to match 
within 50n. Selections 
down 
to 5n are available 
however. 
Contact 
factory 
for 
details. 
Since 
the 
absolute 
value 
of 
rDS(ON) is guaranteed 
only to be less than loon or 150n, a 
substantial 
improvement 
in gain accuracy 
can be obtained 
by using the compensating 
FET. 


NOISE IMMUNITY 


The advantage 
of SPDT switching 
is high noise immunity 
when 
the series 
elements 
is OFF. 
For example, 
if a ± 10V 
analog 
input is being switched 
by TTL open collector 
logic, 
the 
series 
switch 
is OFF 
when 
the 
logic 
level 
is at + 15 
volts. 
At this time, the diode conducts 
and holds the source 
at 
approximately 
+0.7 
volts 
with 
an 
AC 
impedance 
to 
ground 
of 25 ohms. 
Thus 
random 
noise 
superimposed 
on 
the + 10 volt 
analog 
input 
will not falsely 
trigger 
the 
FET 
since the noise voltage 
will be shunted 
to ground. 


When 
switching 
a negative 
voltage, 
the input 
further 
in- 
creases 
the OFF 
voltage 
beyond 
pinch-off, 
so there 
is no 
danger 
of the FET turning 
on. 
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Figure 8: Interfacing with + 15V 
Open Collector Logic 
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NOTE: Additional 
applications 
information 
is given 
in Appli- 
cation 
Bulletins 
A003 
"Understanding 
and Applying 
the An- 


alog Switch" 
and A004 
"The 
5009 Series 
of Low Cost Ana- 
log Switches", 


HARRIS 
SEMICONDUCTOR 
IH5043 
High-Level 
CMOS Analog Switch 


The 
IH5043 
analog 
switch 
uses 
an 
improved, 
high 
voltage 
CMOS 
monolithic 
technology. 
These 
devices 
provide 
ease-of-use 
and performance 
advantages 
not 
previously 
available 
from solid state switches. 


Key performance 
advantage 
is TTL compatibility 
and 
ultra 
low-power 
operation. 
The 
quiescent 
current 
requirement 
is less than 1mA. Also, the IH5043 
guaran- 
tees Break-Before-Make 
switching, 
accomplished 
by 
extending 
the ton time (300ns 
TYP), so that it exceeds 
toft time (200ns 
TYP). This insures 
that an ON channel 
will be turned 
OFF before an OFF channel 
can turn ON. 
The need for external 
logic required 
to avoid channel 
to 
channel 
shorting 
during 
switching 
is eliminated. 


The 
IH5043 
improves 
upon 
and 
is 
pin-for-pin 
and 
electrical 
replacement 
for other solid state switches. 


Figure 
1: 
Functional 
Driver, 
Typical 
Driver, 
Gate 
- IH5043 


• See HI504X 
and IH514X 
for Other 
Functions 


• Dual SPOT 


• Switches 
Greater 
Than 
20Vpp 
Signals 
With 
±15V 
Supplies 


• Quiescent 
Current 
Less Than 
1jlA 


• Break-Before-Make 
Switching 
toft 
200ns, 


ton 300ns 
Typical 


• TTL, DTL, CMOS, PMOS Compatible 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


IHS043MJE 
-SsoC 10+12SoC 
16 Pin Ceramic DIP 


IHS043CJE 
OOCto +700C 
16 Pin Ceramic DIP 


IHS043CPE 
OOCto +700C 
16 Pin Plastic DIP 


IHS043CY 
OOCto +700C 
16 PinSOIC • 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN UEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


••••••o 
II)! 
ABSOLUTE 
MAXIMUM 
RATINGS 
6 
v+-v- 
<36V 
•• 
v+-vo 
.......................•................. 
<30V 
o 
vo-v- 
<30V 
II) 
Vo-VS 
< ±22V 
! 
VL-V- 
.....•..•..•..•..•..•..•..•.............. 
<33V 


VL-VIN 
........•.....•..•..•.................... 
<30V 


VvGND 
................•....................... 
<20V 


VIN-GND 
............•..•.....•................. 
<20V 


Current(Any 
Terminal) 
.........•.............. 
< 30mA 
Storage 
Temperature 
-65·C 
to + 150·C 
Operating 
Temperature 
M 
- 55·C to + 125·C 
C 
O·C to + 70·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


Power Dissipation 
450mW 
(All Leads Soldered 
to a P.C. Board) 
Derate 
6mW rc Above 
70·C 


NOTE: 
Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage 
to the device. 
These are stress ratings only and tunctional 
operation 
of the device at these or any other conditions above 
those indicated 
in the operational 
sections 
01 the specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods may affect device reliability. 


Per Channel 
MiniMax 
Limits 


Symbol 
Characteristic 
Test Conditions 
Military 
Commercial 
Units 


-SS·C 
+2S·C 
+ 12S·C 
0 
+2S·C 
+70·C 


IIN(ON) 
Input Logic Current 
VIN=2.4V 
±1 
±1 
10 
±1 
±1 
10 
IJ-A 


IIN(OFF) 
Input Logic Current 
VIN=0.8V 
±1 
±1 
10 
±1 
±1 
10 
IJ-A 


rOS(on) 
Drain-Source 
On 
Is=10mA 
75 
75 
150 
80 
80 
130 
0. 


Resistance 
VANALOG = '-10V 
to + 10V 


MOS(ON) 
Channel 
to Channel 
25 
30 
0. 


rOS(ON) Match 
(typ) 
(typ) 


VANALOG 
Min. Analog 
Signal 
±11 
±10 
V 
Handling 
Capability 
(typ) 
(typ) 


IO(OFF)/ 
Switch 
OFF Leakage 
VANALOG= 
-10Vto 
+ 10V 
±1 
100 
±5 
100 
nA 
IS(OFF) 
Current 


IO(ON) 
Switch 
On Leakage 
Vo=Vs= 
-10Vto 
+10V 
±2 
200 
±10 
100 
nA 


+IS(ON) 
Current 


ton 
Switch 
"ON" 
Time 
RL = 1ko., VANALOG= 
-10V 
1000 
1000 
to + 10V See Fig. 3 
ns 


lofl 
Switch 
"OEF" 
Time 
RL = 1ko., VANALOG= 
-10V 
500 
500 
to + 10V See Fig. 3 
ns 


Q(INJ.) 
Charge 
Injection 
See Fig. 4 
15 
20 
mV 
(typ) 
(typ) 


OIRR 
Min. Off Isolation 
f= 1MHz, RL = 1000., CLs5pF 
54 
50 
dB 
Rejection 
Ratio 
See Fig. 5 
(typ) 
(typ) 


1+ Q 
V + Power Supply 
±1 
±1 
10 
10 
10 
100 
IJ-A 
Quiescent 
Current 


1- Q 
V- 
Power Supply 
V+ = +15V, 
V-= 
-15V, 
±1 
±1 
10 
10 
10 
100 
IJ-A 
Quiescent 
Current 
VL = +5V 


1- LQ 
+5V 
Supply 
±1 
±1 
10 
10 
10 
100 
IJ-A 
Quiescent 
Current 


IGNO 
Gnd Supply 
±1 
1 
10 
10 
10 
100 
IJ-A 
Quiescent 
Current 


CCRR 
Min. Channel 
to 
One Channel 
Off; Any Other 
Channel 
Cross 
Channel 
Switches 
as per Fig. 6 
54 
50 
dB 
Coupling 
Rejection 
(typ) 
(typ) 
Ratio 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(CONT.) 
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EXAMPLE: 
If - VANALOG ~ 
-10VDC 
and 


+ VANALOG = + 10VDC then Ladder Legs 
are switched 
between 
± 10VDC, depending 
upon state of Logic Strobe. 


Constant 
gain. 
constant a. variable 
frequency 
filter 
which 
provides simultaneous 
Lowpass, 
Bandpass, and Highpass 


outputs. 
With the component 
values shown, center frequency 
will 
be 235Hz 
end 23.5Hz 
for 
high 
and low 
logic 
inputs 
respecti ••••ly. a ..100, and 
Gain'" 
100. 
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Figure 9: Interfacing with TTL Open Collector Logic 
(Typ. Example for + 15V Case Shown) 
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IH5052/IH5053 
QUAD CMOS Analog Switch 


C') 
I/)o 
I/)z:=: 
(\I 
I/)o 
The 
IH5052/3 
analog 
switches 
use an improved, 
high 
I/) 
voltage CMOS technology, 
which provides performance 
ad- 
!: 
vantages 
not previously 
available from solid state switches. 
Key performance 
advantages 
are TIL 
compatibility 
and ul- 
tra 
low-power 
operation - 
the 
quiescent 
current 
require- 
ment is less than 1OfLA. 


The 
IH5052/3 
also 
guarantees 
Break-Before-Make 
switching. 
This is accomplished 
by extending 
the toN time 
(400ns TYP.) such that it exceeds 
toFF time (200ns TYP.). 


This insures that an ON channel will be turned OFF before 
an OFF channel 
can turn ON, and eliminates 
the need for 
external 
logic required to avoid channel to channel shorting 
during switching. With a logical "0" (0.8V or less) at its con- 
trol 
inputs, 
the 
IH5052 
switches 
are 
closed, 
while 
the 
IH5053 
switches 
are 
closed 
with 
a logical 
"1" 
(2.4V 
or 
more) at its control inputs. 


FEATURES 


• Switches 
Greater 
Than 
20Vpp Signals 
With 
± 15V 
Supplies 


• Quiescent 
Current 
less 
Than 
10fLA 


• Break-Before-Make 
Switching 
toff 
lOOns, ton 250ns 
Typical 


• TTl, 
CMOS Compatible 


• IH5052 4 Normally 
Closed 
Switches 


• IH5053 4 Normally 
Open Switches 


• Low 
ROS(ONj 
50n 
Typical 


ORDERING 
INFORMATION 


IH505X 
C 
DE 


~ 
~ 
Package 


~ 
DE= 
16-Pin Ceramic DIP 


Temperature 
Range 
M = Military 
C = Commercial 


L- 
Basic Part Number 


Outline 
Dwgs 
DE 


Dual-In-Line 
Package 


s, 
v· 
(SUen"ATE) 
, 
v, 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PAODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNEs!; 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 


V+-V- 
<36V 
v+-vo 
.................•..•..•..•..•......... 
<30V 
Vo-V- 
.....•...........•..•..•.....•..•...... 
<30V 
Vo-Vs 
< ±22V 
VL-V- 
......•...........•..................... 
<33V 
VL-VIN 
<30V 
VL -GND 
...................•...........•...... 
<20V 
VIN-GND 
<20V 
Current(Any 
Terminal) 
<30mA 
Storage 
Temperature 
-65·C 
to + 150·C 
Operating 
Temperature 
- 55·C to + 125·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


CO) 
."o 
.":z: 
::::. 
Power Dissipation 
450mW 
(II 
(All Leads Soldered 
to a P.C. Board) 
." 
Derate 
6mW rc Above 
70·C 
0 
."! 
NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent damage /0 the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied Exposure to absolute maximum rating conditions for extended peri- 


ods 
may 
affect 
device 
reliabifity. 


Per Channel 
MiniMax 
Limits 


Test Conditions 
Military 
Commercial 
Units 
Symbol 
Characteristic 
-SS·C 
+2S·C 
+ 12S·C 
0 
+2S·C 
+70·C 


IIN(ON) 
Input Logic Current 
VIN = 2.4V (IH5053) = 0.8V (IH5052) 
10 
±1 
10 
±10 
I-'A 


IIN(OFF) 
Input Logic Current 
VIN = 0.8V (IH5053) = 2.4V (IH5052) 
10 
±1 
10 
±10 
I-'A 


rOS(ON) 
Drain·Source 
On 
Is= 
10mA, Vanalog= 
-10V 
to + 10V 
75 
75 
100 
80 
80 
100 
Resistance 


D. 


~rOS(ON) 
Channel 
to Channel 
25 
30 


rOS(ON) Match 
(typ) 
(typ) 


D. 


VANALOG 
Min. Analog 
Signal 
±11 
±10 
V 
Handling 
Capability 
(typ) 
(typ) 


IO(OFF) I 
Switch 
OFF Leakage 
VANALOG= 
-10Vto 
+ 10V 
±1 
100 
±5 
100 
nA 
IS(OFF) 
Current 


IO(ON) 
Switch 
On Leakage 
Vo=Vs= 
-10Vto 
+10V 
±2 
200 
±10 
100 
nA 


+IS(ON) 
Current 


tON 
Switch 
"ON" 
Time 
RL =1kD., 
Vanalog= 
-10Vto 
+10V 


See Fig. 3 
500 
1000 
ns 


toFF 
Switch 
"OFF" 
Time 
RL = 1kD., Vanalog= 
-10V 
to + 10V 


See Fig. 3 
250 
500 
ns 


Q(INJ.) 
Charge 
Injection 
See Fig. 4 
15 
20 


(typ) 
(typ) 
mV 


OIRR 
Min. Off Isolation 
f = 1MHz, RL = 100D., CL';; 5pF 
54 
50 


Rejection 
Ratio 
See Fig. 5 
(typ) 
(typ) 
dB 


1+ 
+ Power Supply 


Quiescent 
Current 
10 
10 
100 
10 
10 
100 
I-'A 


1- 
- 
Power Supply 
V+ = + 15V, V- 
= -15V, 
VL = +5V 


Quiescent 
Current 
withGND 
10 
10 
100 
10 
10 
100 
I-'A 


IVL 
+5V 
Supply 
10 
10 
100 
10 
10 
100 
I-'A 
Quiescent 
Current 


CCRR 
Min. Channel 
One Channel 
Off 


to Channel 
54 
50 
dB 


Cross Coupling 
(typ) 
(typ) 


Rejection 
Ratio 
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SEQUENCER 
DECODER 
ANALOG 
SWITCH 
(2 BIT B'NARY 
COUNTER) 
I, 
YU'" 
Q 


IIUX 
J-K 
FLIP 
D, 
SEQUENCE 
FLOP 
RATE 
KAESETO 
V~1 


RESET 
D1 


YrN) 
I, 


J 
J-K 
Q 
2' 
FLIP 
D, 


FLOP 
V",. 
KRESETQ 


D, 
OUT 


DUAL J·K FLIP FLOP 
POSSIBILITIES 
TTL· 
SN5473 
CMOS· 
CD4027 


3 INPUT NAND 
POSSIBILITIES 
TTL . 1 1/3 SNS410 
CMOS· 
1 1/3 CD4023 


Mux 
Sequencer 
Switch 
States 
Enable 
Sequence 
Output 
( - Denotes 
Off) 
Rate 
2° 
21 
SW1 
SW2 
SW3 
SW4 
a 
a 
a 
a 
- 
- 
- 
- 
1 
a 
a 
a 
ON 
- 
- 
- 
1 
1 pulse 
1 
a 
- 
ON 
- 
- 
1 
2 pulses 
a 
1 
- 
- 
- 
- 
1 
3 pulses 
1 
1 
- 
- 
- 
ON 
1 
4 pulses 
a 
a 
ON 
- 
- 
- 


The 
latch 
feature 
insures 
positive 
switching 
action 
in re- 
sponse 
to non-repetitive 
or erratic 
commands. 
The A1 and 
A2 inputs are normally 
low. A HIGH input to A2 turns 51 and 
52 ON, a HIGH to A1 turns 53 and 54 ON. Desirable 
for use 
with limit detectors, 
peak detectors, 
or mechanical 
contact 
closures. 


QUAD 
2 INPUT 
NAND GATES 
TTL·OM7400 


OR 
OMS4QO 
CMOS - C06Q11 
0,OM74COO 


Command 
State of Switches 


After 
Command 


A2 
Al 
53&54 
51 &52 
0 
0 
same 
same 
0 
1 
on 
off 
1 
0 
off 
on 
1 
1 
INDETERMINATE 
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Figure 
9: A Latching 
DPDT 
• 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
IH5140 
Family 
of 
CMOS 
switches 
utilizes 
Harris' 
latch-free 
junction 
isolated 
processing 
to build 
the fastest 
switches 
currently 
available. 
These 
switches 
can be toggled 
at a rate 
of greater 
than 
1MHz 
with 
super 
fast 
ton times 
(80ns typical) 
and faster 
toH times (50ns typical), 
guarantee- 
ing break 
before 
make 
switching. 
This 
family 
of switches 
combines 
the speed 
of the hybrid 
FET DG 180 family 
with 
the 
reliability 
and 
low 
power 
consumption 
of a monolithic 
CMOS 
construction. 


OFF 
leakages 
are guaranteed 
to be less than 
200pA 
at 
25"C. 
Very 
low quiescent 
power 
is dissipated 
in either 
the 
ON or the OFF state of the switch. 
Maximum 
power 
supply 
current 
is 11-'A from 
any supply 
and typical 
quiescent 
cur- 
rents 
are 
in the 
10nA 
range 
which 
makes 
these 
devices 


ideal for portable 
equipment 
and military 
applications. 


The 
IH5140 
Family 
is completely 
compatible 
with 
TTL 
(5V) logic, TTL open collector 
logic and CMOS 
logic. It is pin 
compatible 
with 
Harris' 
IH5040 
family 
and 
part 
of 
the 
DG180/190 
family 
as 
shown 
in the 
switching 
state 
dia- 
grams. 


Order 
Function 
Package 
Temperature 
Part Number 
Range 


IH5140 MJE 
SPST 
16 Pin CERDIP 
- 55"C to 125"C 
IH5140 CJE 
SPST 
16 Pin CERDIP 
O"Cto 70"C 
IH5140 CPE 
SPST 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5141 MJE 
DualSPST 
16 Pin CERDIP 
-55"C to 125"C 
IH5141 CJE 
Dual SPST 
16 Pin CERDIP 
O"Cto 70"C 
IH5141 CPE 
DualSPST 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5142 MJE 
SPDT 
16 Pin CERDIP 
- 55"C to 125"C 


IH5142 CJE 
SPDT 
16 Pin CERDIP 
O"Cto 70"C 


IH5142 CPE 
SPDT 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5143 MJE 
Dual SPDT 
16 Pin CERDIP 
- 55"C to 125"C 


IH5143 CJE 
Dual SPDT 
16 Pin CERDIP 
O"Cto 70"C 
IH5143 CPE 
Dual SPDT 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5144 MJE 
DPST 
16 Pin CERDIP 
- 55"C to 125"C 
IH5144 CJE 
DPST 
16 Pin CERDIP 
O"Cto 70"C 
IH5144 CPE 
DPST 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5145 MJE 
Dual DPST 
16 Pin GERDIP 
-55"C to 125"C 


IH5145 CJE 
Dual DPST 
16 Pin CERDIP 
O"Cto 70"C 


iH5145 CPE 
Dual DPST 
16 Pin Plastic DIP 
O"Cto 70"C 


IH5140-IH5145 
High-Level 
CMOS Analog Switch 


FEATURES 


• Super 
Fast Break-Before-Make 
Switching 


• ton 80ns Typ, tolf SOns Typ (SPST SWitches) 


• Power 
Supply 
Currents 
less 
Than 
11-'A 


• OFF leakages 
less 
Than 
100pA 
@ 2S"C Typical 


• Non-latching 
With Supply 
:Turn-off 


• Single 
Monolithic 
CMOS Chip 


• Plug-in 
Replacements 
for 
IHS040 Family 
and Part of 
the DG180 Family 
to Upgrade 
Speed and leakage 


• Greater 
Than 
1MHz Toggle 
Rate 


• Switches 
Greater 
Than 20Vp-p 
Signals 
With 
± 1SV 
Supplies 


• TTl, 
CMOS Direct 
Compatibility 


• Internal 
Diode 
in Series 
with 
V+ 
for 
Fault Protection 


0291-1 
Figure 
1: Functional 
Diagram 
Typical 
Driver! 
Gate 
- IHS142 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBUGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY. 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


V+ 
- V- 
..........•..•..•..•..•........•...... 
<36V 
V+ 
- VD 
.....•................................ 
<30V 
VD - V - 
....................•................. 
< 30V 
VD - Vs 
< ± 22V 
VL - V- 
<33V 
VL - VIN ............•..•.....•................. 
<30V 
VL 
<20V 
VIN 
<20V 


L;urrent (Any 
I ermlnal) 
......•................. 
'- .>VII '" 


Storage 
Temperature 
-65'Cto 
+ 150'C 
Operating 
Temperature 
- 55'C to + 125'C 
Lead Temperature 
(Soldering 
10sec) 
300'C 
Power Dissipation 
450mW 
(All Leads 
Soldered 
to a P.C. Board) 
Derate 
6 mW /'C 
Above 
70'C 


NOTE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the 
device. 
These 
are 
stress 
ratings 
only 
and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 


maximum 
fating conditions 
for extended 
periods 
may affect 
device reliability. 


Per Channel 
MinIMax 
Umits 


Symbol 
Characteristic 
Test Conditions 
Military 
Commercial 
Units 


- SS'C I + 2S'C 
+ 12S'C 
0 
+2S'C 
+70'C 


LOGIC 
INPUT 


IINH 
Input Logic Current 
VIN = 2.4V Note 1 
±1 
I 
±1 
10 
±10 
10 
/LA 


IINL 
Input Logic Current 
VIN = 0.8V Note 1 
±1 
I 
±1 
10 
±10 
10 
/LA 


SWITCH 


rDS(on) 
Drain-Source 
On 
Is= 
-10mA 
50 
50 
75 
75 
75 
100 
n 
Resistance 
VANALOG= 
-10Vto 
+ 10V 


llrDS(on) 
Channel 
to Channel 
25 
30 
n 
rDS(on) Match 
(typ) 
(typ) 


VANALOG 
Min. Analog 
Signal 
±11 
±10 
V 
Handling 
Capability 
(typ) 
(typ) 


ID(ott) + 
Switch 
OFF Leakage 
VD= 
+10V, 
Vs= 
-10V 
±.5 
100 
±5 
100 
nA 


IS(ott) 
Current 
VD= 
-10V, 
Vs= 
+ 10V 
±.5 
100 
±5 
100 


ID(on)+ 
Switch 
On Leakage 
VD=VS= 
-10Vto 
+10V 
±1 
200 
±2 
200 
nA 
IS(on) 
Current 


CCRR 
Min. Channel 
to 
One Channel 
Off; Any Other 
54 
50 
dB 
Channel 
Cross 
Channel 
Switches 
(typ) 
(typ) 


Coupling 
Rejection 
See Performance 
Characteristics 
Ratio 


ton 
Switch 
"ON" 
Time 
See SWitching time specifications 
and timing diagrams. 


toff 
Switch 
"OFF" 
Time 


Q(INJ.) 
Charge 
Injection 
See Performance 
Characteristics 
10 
15 
pC 
(typ) 
(typ) 


OIRR 
Min. Off Isolation 
f= 
1MHz, RL = 100n, 
CL:5:5pF 
54 
50 
dB 
Rejection 
Ratio 
See Performance 
Characteristics 
(typ) 
(typ) 


SUPPLY 


1+ 
+ Power Supply 
1.0 
1.0 
10.0 
10 
10 
100 
/LA 
Quiescent 
Current 
1- 
- 
Power Supply 
V+=+15V,V-=-15V, 
1.0 
1.0 
10.0 
10 
10 
100 
/LA 
Quiescent 
Current 
VL = +5V 


IL 
+5VSupply 
1.0 
1.0 
10.0 
10 
10 
100 
/LA 
Quiescent 
Current 
See Performance 
Characteristics 


IGND 
Gnd Supply 
1.0 
1.0 
10.0 
10 
10 
100 
/LA 
Quiescent 
Current 


NOTES: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however O.SV to 2.4V describes the min. 


range for switching properly. Refer to logic diagrams to find logical value of logic input required to produce ON or OFF state. 


2. Typical values are for design aid only, not guaranteed and not subject to production testing. 
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SWITCHING TIME SPECIFICATIONS 


(ton, toft are maximum 
specilications 
and ton-tofl is minimum 
specilications) 


Part Number 
Symbol 
Characteristic 
Test 
Conditions 
Military 
Commercial 
Units 


-SS·C 
+2S·C 
+ 12S·C 
0 
+2S·C 
+70·C 


Ion 
Switch 
"ON" 
time 
100 
150 


toft 
Switch 
"OFF" 
time 
Figure 2- 
75 
125 
ns 


IH5140- 
ton-toft 
Break-belore-make 
10 
5 


5141 
ton 
Switch 
"ON" 
time 
150 
175 


toft 
Switch 
"OFF" 
time 
Figure 3 
125 
150 
ns 


lon-loff 
Break-belore-make 
-10 (typ) 
5 


ton 
Switch 
"ON" 
time 
175 
250 


loft 
Switch 
'OFF" 
time 
Figure 2- 
125 
150 
ns 


lon-toft 
Break-belore-make 
10 
5 


Ion 
Switch 
"ON" 
time 
200 
300 


toft 
Switch 
"OFF" 
time 
Figure 3 
125 
150 
ns 


IH5142- 
ton-toft 
Break-belore-make 
-10 (typ) 
5 


5143 
ton 
Switch 
"ON" 
time 
175 
250 


loft 
Switch 
"OFF" 
time 
Figure 4- 
125 
150 
ns 


lon-toft 
Break-belore-make 
10 
5 


ton 
Switch 
"ON" 
time 
200 
300 


toft 
Switch 
"OFF" 
time 
Figure 5- 
125 
150 
ns 


ton-loft 
Break-belore-make 
10 
S 


Ion 
Switch 
"ON" 
time 
175 
250 


tofl 
Switch 
"OFF" 
time 
Figure 2- 
125 
150 
ns 
IH5144- 
ton-toft 
Break-belore-make 
10 
5 
5145 
ton 
Switch 
"ON" 
time 
200 
300 


loft 
Switch 
"OFF" 
time 
Figure 3 
125 
150 
ns 


ton-lolt 
Break-belore-make 
-10 
5 


NOTE: SWITCHING TIMES ARE MEASURED @ 9O*l.PTS. 


ton 
toft 
16 
% IOV 
.ISV 
=--i t-- --i I-- 
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SPST 
IH5140 (rOS(on)< 75fl) 


FLATPACK 
(FO-2) 


Y, 
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" 
D, 


'N, 


'N, 


0, 
.. 
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OUALSPST 
IH5141 (rOS(on) < 75fl) 


FLATPACK 
(FO-2) 


Y, 


0, 
D, 


0, 
.. 
, 
_J 


SPOT 
IH5142 (rOS(on)<75 
fl) 
Figure 6: Switching State Diagrams 
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OIP(JE, 
PEl 


Y, 


0, 
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OIP(JE, 
PEl 


Y, 


0, 
D, 
• 
.. 
.. 


DUAL SPOT 
IH5143 (rOS(on)< 75D.) 
SWITCH 
STATES 
ARE FOR LOGIC "1" 
INPUT 


", 
$, 
$.05 


DPST 
IH5144 (rOS(on)< 75D.) 


DUAL DPST 
IH5145 (rOS(on)<75fl) 
Figure 6: Switching 
State Diagrams (Continued) 


• 


II)••.•. 
II) 
:!: 
APPLICATION 
NOTE 
6 
To maximize 
switching 
speed 
on the IH5140 
family, 
TIL 
•• 
open collector 
logic (15V with a 1kfi 
or less collector 
resis- 
Wi 
tor) should 
be used. This configuration 
will result 
in (SPST) 
:!: 
ton and 
toff times 
of 80ns 
and 
50ns, 
for 
signals 
between 


-10V 
and + 10V. The SPDT 
and 
DPST 
switches 
are ap- 
proximately 
30ns 
slower 
in both 
Ion and toff with the same 
drive configuration. 
15V CMOS 
logic levels can be used (OV 
to + 15V), 
but 
propagation 
delays 
in the 
CMOS 
logic 
will 
slow down 
the switching 
(typical 
50ns 
- 
lOOns delays). 


When 
driving 
the IH5140 
Family from 
either + 5V TIL 
or 
CMOS 
logic, 
switching 
times 
run 20ns 
slower 
than 
if they 
were 
driven 
from 
+ 15V 
logic 
levels. 
Thus 
ton 
is about 
105ns, 
and 
Ioff 75ns 
for 
SPST 
switches, 
and 
135ns 
and 
105ns 
(ton, toff) for SPDT or DPST switches. 
The low level 
drive 
can 
be made 
as fast 
as the 
high level 
drive 
if ± 5V 
strobe 
levels 
are used 
instead 
of the 
usual 
OV - 
+ 3.0V 
drive. Pin 13 is taken to -5V 
instead 
of the usual GND and 


strobe 
input is taken 
from + 5V to - 5V levels 
as shown 
in 
Figure 
7. 


The typical 
channel 
of the IH5140 
family consists 
of both 
P and N-channel 
MOSFETs. 
The N-channel 
MOSFET 
uses 
a "Body 
Puller" 
FET to drive the body to -15V 
(± 15V sup- 
plies) to get good breakdown 
voltages 
when the switch 
is in 
the off state 
(See 
Fig. 8). This 
"Body 
Puller" 
FET also al- 
lows 
the 
N-channel 
body 
to 
electrically 
float 
when 
the 
switch 
is in the on state producing 
a fairly constant 
Ros(ON) 
with different 
signal voltages. 
While 
this "Body 
Puller" 
FET 


improves 
switch 
performance, 
it can cause 
a problem 
when 
analog 
input signals 
are present 
(negative 
signals 
only) and 
power 
supplies 
are off. This fault condition 
is shown 
in Fig- 
ure 9. 


Current 
will flow 
from 
- 1OV analog 
voltage 
through 
the 
drain to body junction 
of 01, 
then through 
the drain to body 
junction 
of 03 to GND. This means that there is 10V across 
two 
forward-biased 
silicon 
diodes 
and 
current 
will 
go 
to 
whatever 
value the. input signal source 
is capable 
of supply- 
ing. If the analog 
input signal is derived 
from the same sup- 
plies as the switch 
this fault condition 
cannot 
occur. Turning 
off the supplies 
would turn off the analog 
signal at the same 
time. 


This 
fault 
situation 
can 
also 
be eliminated 
by placing 
a 
diode 
in series 
with 
the 
negative 
supply 
line 
(pin 
14) as 
shown 
in Figure 
10. Now when 
the power 
supplies 
are off 
and a negative 
input signal 
is present 
this diode 
is reverse 
biased 
and no current 
can flow. 


.ovr! 
CMOS 
~ 
LlEVEL 
INPUT 


STROBE 


~/ 


GND 
WHEN 
POWER 
SUPPLIES ARE OFF" 


5Hl 
-15V 
I 
10,oOOPF 
POLY- 
-=- STYRENE 


LOGIC 
INPUT 


+3V = > SAMPLE 
MOOE 
OV = > HOLD MODE 


Figure 11: Improved 
Sample and Hold Using IH5143 


SL 
TTL 
LOGIC 
STROBE 


IL 
TTL 
LOGIC 
STROBE 
12 -=- 
+5V 
11 
+15V 
10 


9 
+VANALOG 
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EXAMPLE: If -VANAlOO= 
-lOVDC 
and +VANALOG= + lOVDC then Ladder Legs are switched between 
± lOVDC, depending 
upon state of Logic Strobe. • 


II) 
••• 
'P' 
II) 
!: APPLICATIONS 
(Continued) 
Io 
••• 
'P' 
II)!: 


0291-41 


CONSTANT 
GAIN, CONSTANT 
Q, VARIABLE 
FREQUENCY 
FILTER WHICH PROVIDES SIMULTANEOUS 
LOWPASS, BANDPASS, AND HIGHPASS OUT- 


PUTS. WITH THE COMPONENT 
VALUES SHOWN, CENTER FREQUENCY 
WILL BE 235Hz AND 23.5Hz FOR HIGH AND LOW LOGIC INPUTS RESPEC- 
TIVEL Y, Q ~ 100, AND GAIN ~ 100. 


fn=CENTER FREQUENCy=_1- 


27T RC 


Figure 13: Digitally Tuned Low Power Active Filter 


GENERAL 
DESCRIPTION 


The IH5151 family of solid state analog switches 
are de- 


signed using an improved. 
high voltage CMOS technology. 


Destructive 
latchup 
has 
been 
eliminated. 
Early 
CMOS 
switches 
were 
destroyed 
when 
power 
supplies 
were 
re- 
moved with an input signal present; the IH5151 CMOS tech- 
nology has eliminated 
this problem. 


Key performance 
advantages 
of the 5151 series are TTL 
compatibility 
and ultra low-power 
operation. 
ROS(on) switch 


resistance 
is typically in the 140 To 180 Area. for signals in 
the 
- 10V to 
+ 10V range. Quiescent 
current 
is less than 
lOJ-LA. The 
5151 
also 
guarantees 
Break-Before-Make 


switching 
which is logically accomplished 
by extending 
the 
tON time 
(200nsec 
typ.) 
such 
that 
it exceeds 
tOFF time 
(120nsec 
typ.). This 
insures 
that 
an ON channel 
will be 


turned OFF before an OFF channel can turn ON. The need 
for 
external 
logic 
required 
to 
avoid 
channel 
to 
channel 
shorting 
during switching 
is thus eliminated. 


See HI-514X 
for other 
functions. 


Analog ~WIlCIlt:::t 
eO 
~.•. 
II)!: 


FEATURES 


• Low RoS(ON) - 
250 


• Switches 
Greater 
Than 
20Vpp Signals 
With 
± 15V 
Supplies 


• Quiescent 
Current 
Less Than 
100J-LA 


• Break-Before-Make 
Switching 
tOFF 120nsec 
Typ., tON 
200nsec 
Typical 


• TTL, CMOS Compatible 


• Non-Latching 
With Supply 
Turn-Off 


• Complete 
Monolithic 
Construction 
• ± 5V to ± 15V Supply 
Range 


CMOS ANALOG 
SWITCH 
PRODUCT 
CONDITIONING 


• The Following 
Processes 
Are Performed 
100% in 
Accordance 
With 
MIL-STD-883 


• Precap 
Visual- 
Method 
2010, Condo B 


• Stabilization 
Bake - 
Method 
1008 


• Temperature 
Cycle - 
Method 
1010 


• Centrifuge 
- 
Method 
2001, Condo E 


• Hermeticity 
- 
Method 
1014, Condo A, C 


• (Leak 
Rate<5xl0-7 
atm eels) 


ORDER 
PART 
HARRIS 


NUMBER 
FUNCTION 
PACKAGE 
TEMPERATURE 
RANGE 
EQUIVALENT 


IH5151 MJE 
Dual SPDT 
16 Pin Cerdip 
-550C 
to +1250C 
HI-5051 


IH5151CJE 
Dual SPOT 
16 Pin Cerdip 
OOCt0700C 
HI-5051 


IH5151CPE 
Dual SPOT 
16 Pin Plastic DIP 
OOCt0700C 
HI-5051 


NOTES: 
1. Ceramic 
(side braze) 
devices 
also available; 
consult 
factory. 
2. MIL temp 
range 
parts 
also available 
with 
MIL-STD-883 
processing. 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
304300-003 


• 


V+. 
Vo 
...............•........................ 
<30V 
Vo. V- 
<30V 
Vo. Vs 
< ±22V 
VL. V- 
<33V 
VL. VIN 
......•................................. 
<30V 
VL 
.....................................•...... 
<20V 


VIN 
<20V 


Current 
(Any Terminal) 
<50mA 
Storage 
Temperature 
-65·C 
to + 150·C 


Lead Temperature 
(Soldering. 
1Osee) 
...•..•...... 
300·C 


Power Dissipation 
.....................•....... 
450mW 
(All Leads 
Soldered 
to a P.C. Board) 
Derate 
6mW rc Above 
lO·C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 


above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
raling 
conditions 
for extended 
peri- 
ods may affect 
device 
reliability. 


+15V (V+) 


11 


Per Channel 
MinIMax 
Limits 


Symbol 
Characteristic 
Test 
Conditions 
Military 
Commercial 
Units 


-55°C 
+ 25°C + 125°C 
0 
+ 25°C +700C 


IINIONl 
Input Logic Current 
VIN=2.4V 
(Note 1) 
±1 
±1 
±10 
±1 
±10 
I-'A 


IINIOFFl 
Input Logic Current 
VIN=O.BV 
(Note 1) 
±1 
±1 
±10 
±1 
±10 
I-'A 


ROS(ON) Drain-Source 
On 
Vo= 
±10V,ls= 
-10mA 
25 
25 
50 
30 
0 
Resistance 


AROS(ON) Channel 
to Channel 
ROS(ON) Match 
10 
15 
0 
(Typ) 
(Typ) 


VANALOG Min. Analog 
Signal 
±14 
±14 
V 
Handling 
Capability 
(Typ) 
(Typ) 


IO(OFF) 
Switch 
OFF Leakage 
Current 
VANALOG= 
-10Vto 
+ 10V 
±1.0 
100 
±2.0 
100 
nA 
IStOFF) 


IO(ON) + 
Switch 
On Leakage 
Current 
Vo=Vs= 
-10Vto 
+ 10V 
±1.0 
100 
±2.0 
100 
nA 


IsrONl 


Q(INJ) 
Charge 
Injection 
See Figure 4 
(10) 
(10) 
mV 
(Typ) 
(Typ) 


OIRR 
Min. Off Isolation 
Rejection 
Ratio 
1= 1MHz, RL = 
1000, 
54 
50 
dB 
CL:5:5pF, See Figure 5 
(Typ) 
(Typ) 


IsUPPLY 


1+ 
+ Power Supply Quiescent 
Current 
10 
10 
100 
10 
I-'A 


1- 
- Power Supply Quiescent 
Current 
V, = +15V, 
V2= 
-15V. 
10 
10 
100 
10 
I-'A 


IL 
+ 5V Supply Quiescent 
Current 
VL = +5V, 
VR=O 
10 
10 
100 
10 
I-'A 


IGNO 
Gnd Supply Quiescent 
Current 
10 
10 
100 
10 
I-'A 


CCRR 
Min. Channel 
to Channel 
One Channel 
Off; 
54 
50 
Cross Coupling 
Rejection 
Ratio 
Any Other Channel 
(Typ) 
(Typ) 
dB 
Switches 
as per Figure 8 


SWITCHING 
TIME SPECIFICATION 
IH5148 SPST SWITCH 


Symbol 
Parameter 
Test 
Conditions 
Min 
Max 
Units 


Ion 
Switch 
"on" 
time 
RL = 1KO, VANALOG= 
-10V 
250 
ns 


toff 
Switch 
"off" 
time 
To + 10V; See Figures 3 and 6 
200 
ns 


Symbol 
Parameter 
Test 
Conditions 
Min 
Max 
Units 


Ion 
Switch 
"on" 
time 
RL = 1KO, VANALOG= 
-10V 
350 
ns 


toff 
Switch 
"off" 
time 
To + 1OV; See Figures 3 and 6 
250 
ns 


Symbol 
Parameter 
Test 
Conditions 
Mln 
Max 
Units 


Ion 
Switch 
"on" 
time 
RL =1KO, 
VANALOG= 
-10V 
500 
ns 


Ioff 
Switch 
"off" 
time 
To + 10V; See Figures 3 and 6 
250 
ns 


NOTE 2. For IH5150 & IH5151 devices. channels which are off for logic input~ 2.4V (Pins 3 & 4 on 5150, & Pins 3 & 4, 5 & 6 on 5151) have slower ton time. than 
channels on Pins 1, 16, & 8, 9. This is done so switch will maintain break·before-make 
action when connected 
in Dr configuration, 
i.e. Pin 1 connected 
in 
Pin 3. 


• 


.•. 
IH5148-IH5151 
II).•. 
II) 
~ 
SWITCH STATES ARE 
I 
FOR LOGIC "1" INPUT 
FLAT PACKAGE 
DIP (DE) PACKAGE 
CD•• 
DUAL SPST IH5148 
.•. 
II) 
'I 
,. 
'I 
,. 
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DUAL DPST IH5149 
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SPOT IH5150 
'I 
,. 
'I 
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•• 
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... 
" 
0292-7 
... 
,- 


0292-8 


DUAL SPOT IH5151 
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Figure 2: Switching 
State Diagrams 


_0<_ 
) 
'" 
,v 
ovD~- 


••••u, 
hwaUl 
''''1~.. 
o 


ovn~_11' 
= ---cJ ~ 1--,., 


10•••••• 1 
m 
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510 


lOGIC 
•••• 
, 


1II~_ 
-= 
'= 
~ 
1:-- Vou, 


1'000 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(Per Channel) 


ROS(ON)@ ± 15V, ± 5V SUPPLIES 


ROS(ON) 
o 


±5V SUPPLIES 
~ 


""'" 
ll"" 
~ 
.•. ~ 5V SUPPLIES - 


100 
90 


80 


70 


60 


50 
40 


30 


20 


10 
o 
-12V-10-8-6 
-4 -2 OV2 +4V 6 
8+10V+121 


Ros (ON) 
YS 
ANALOG 
INPUT 
VOLTAGE 


CROSS COUPLING 
REJECTION vs FREQUENCY 
120 
'----lh 
OFF 
I 
I 


CHANNELo-1--D-I>- - 1=1 
'=" 
I 
r-- 
I 
I 
Your 
I 
I 
lDOll 
I 
I 
I 
L'=" 
I 
~I~--rJ 
1 


'000 


I'.•...• 


..•... •...•, 
I'.•...•••... 


CCRR = 20LOG 
2000mVpp 
VOUT(mVpp) 


3Y 


INPU~ 


SWITCHED 
CHANNEL 
o 
1 
10 
100 
lk 
10k 
lOOk 
1M 


FREQUENCY 
(HZ) 
• 


:!: TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
I 
CD 
OFF ISOLATION 
vs FREQUENCY 
~ 
-120 


'P"..,! 
-100 
= 
-80 
~~... 


-60 
e- 
o«,.. 
-40 


I'.~' •... 


.•.. .•..- 
- 


OIRR = 
20LOG 2000mVpp 
Your (mVpp) 


'"'-' 2Vpp 
510 
@11IIIz 


-= 
"':'" 


OFF STATE 
_ 


1000 


o 
1Hz 
10Hz 
100Hz lk 
10k 
lOOk 
1M 


FREOUENCY 
(Hz) 


Ion 
loft 
-'1 •.•.~I 
•.•.. 


, '+10V" 


~T 
i +3V:1 


~CINPUT 
ovi: 
II 


'-10V~VOUT 
I, 
....J~~!_ 
Ion 
10" 


- ----._~- - - 


Charge 
injection 
(Oinj. on spec. 
sheet) 
is caused 
by gate 
to drain, or gate to source 
capacitance 
of the output 
switch 
MOSFET. 
The 
gates 
of 
these 
MOSFETs 
typically 
swing 
from 
- 15V to + 15V as a rapidly 
changing 
pulse; thus this 
30Vpp 
pulse 
is coupled 
through 
gate capacitance 
to output 
load capacitance, 
and the output 
"step" 
is a voltage 
divider 
from this combination. 
For example: 


Oinject 
(Vpp) •• Cgate x30V 
step. 
CLoad 
i.e. 


Cgate = 1.5pF, CLoad = 1OOOpF, then 


Oinject(Vpp) 
= 
1.5pF 
x 30V step = 45mVpp 
1000pF 


Thus 
if you are using switch 
in a Sample 
& Hold applica- 
tion with Csample= 
1000pF, 
a 45mVpp 
"Sample 
to Hold er- 
ror step" 
will occur. 


To null this error step out to zero the following 
circuit 
can 
be used: 


+3V 
JL 
Tn STROBE 


0292-23 
Figure 7: Adjustable 
Charge Injection 
Compensation 
Circuit 


The circuit shown 
above 
nulls out charge 
injection 
effects 
on switch 
pins 1 and 16; a similar 
circuit 
would 
be required 
on switch 
pins 8 and 9. 


Simply 
adjust 
the 
pot 
until 
VOUT=OmVpp 
pulse, 
with 
VANALOG=OV. 


If you do not desire to do any adjusting, 
but wish the least 
amount 
of charge 
injection 
possible, 
then the following 
cir- 
cuit should 
be used: 


+3V 
JL 
TTL 
STROBE 


0292-24 
Figure 8: NO-Adjust Charge Injection 
Compensation 
Circuit 


ot Your 
$. lumvpp 
Into 
lntt 
luvvJJr 
.., Ol.n 
\"c1j.Jc1vI\UI 
';'lIunll. 
CD 
Fault Condition Protection 
:: 


If your system 
has analog 
voltage 
levels 
which 
are inde- 
1ft 
pendent 
of the ± 15V (Power 
Supplies), 
and these 
analog ! 
levels 
can 
be 
present 
when 
supplies 
are 
shut 
off, 
you 
should 
add fault protection 
diodes 
as shown 
below: 
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Figure 9: Adding 
Diodes Protects 
Switch 


If the analog 
input 
levels 
are below 
± 15V, the pn junc- 


tions 
of 013 
& 015 
are reversed 
biased. 
However 
if the 
± 15V supplies 
are shut off and analog 
levels 
are still pres- 
ent, the configuration 
becomes: 


~RDM 
DRIVER 


P 
N 
P 
015 


+15V 
• 
-15V 


013 P 
N 
N 


AFROM 
DRIVER 


'PO 
II) 


'PO 
II) 


~ 
The need for these diodes, 
in this circumstance, 
is shown 


e1» 
below: 


~ 
'PO 
II) 
~ 
J.-01S 


OV WHEN 
+ lSV 
SUPPLY 
SHUT 
OFF 


OV WHEN 
-1SV IS 
SHUT 
OFF 


If ANALOG 
in is greater 
than 
1V, then the pn junction 
of 
015 
is forward 
biased 
and excessive 
current 
will be drawn. 


The 
addition 
of 
IN914 
diodes 
prevents 
the 
fault 
currents 
from 
destroying 
the 
switch. 
A similar 
event 
\\(ould occur 
if 
ANALOG 
in was 
less than 
or equal 
to -W, wherein 
013 
would 
become 
forward 
biased. 
The 
IN914 
diodes 
form 
a 


"back 
to back" 
diode arrangement 
with 013 
& 015 
bodies. 


This 
structure 
provides 
a degree 
of overvoltage 
protec- 
tion when 
supplies 
are on normally, 
and analog 
input level 
exceeds 
supplies. 


This circuit 
will switch 
up to about 
± 18V ANALOG 
over- 
voltages. 
Beyond 
this drain(N) 
to body(P) 
breakdown 
VOLT- 
AGE of 013 
limits overvoltage 
protection. 


OVERVOLTAGE 
ANALOG 
INPUT 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
IH5341 
is a dual 
SPST, 
CMOS 
monolithic 
switch 
which 
uses a "Series/Shunt" 
("T" 
switch) configuration 
to 
obtain high "OFF" 
isolation while maintaining 
good frequen- 
cy response 
in the "ON" 
condition. 


Construction 
of 
remote 
and 
portable 
video 
equipment 
with extended 
battery life is facilitated 
by the extremely 
low 
current 
requirements. 
Switching 
speeds 
are 
typically 
ton = 150ns 
and 
toff= 80ns, 
and 
"Break-Before-Make" 


switching 
is guaranteed. 


Switch "ON" 
resistance 
is typically 400-500 
with ± 15V 
power 
supplies, 
increasing 
to typically 
1750 
for 
±5V 
sup- 
plies. The devices are available in TO-1 00 and 14-pin epoxy 
DIP packages. 


Part Number 
Temperature 
Package 
Range 


IH5341CPD 
Oto +70·C 
14-pin 


PLASTIC DIP 


IH53411TW 
- 20·C to + 85·C 
1O-pin TO-1 00 


IH5341MTW 
- 55·C to + 125·C 
1O-pin TO-1 00 


51 o--------~----~o 
0, 
I 


"'~ 


52 o-------~a(o>------<o 02 
I 


"'~ 


Figure 
1: Functional 
Diagram 
(Switches 
are open 
for a logical 
"0" control 
input, 
and 
closed 
for a logical "1" control 
input.) 


IH5341 
Dual SPST CMOS 
RFIVideo 
Switch 


FEATURES 


• ROS(on)<750 
• Switch 
Attenuation 
Varies 
Less Than 
3dB From 
DC 
to 100MHz 


• "OFF" 
Isolation> 
70dB Typical 
@ 10MHz 


• Cross 
Coupling 
Isolation>60dB 
@ 10MHz 


• Compatible 
With TTL, CMOS 
Logic 


• Wide 
Operating 
Power 
Supply 
Range 


• Power 
Supply 
Current,;; 
11-'A 


• "Break·Before·Make" 
Switching 


• Fast Switching 
(80ns/150ns 
Typ) 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
AESPECT 
TO THIS PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONOlTlON 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
305528-003 


• 


~ 
ABSOLUTE 
MAXIMUM 
RATINGS 


Y+ 
to Ground 
+18Y 
Y - to Ground 
.. 
- 18Y 
YL to Ground 
_ 
Y+ 
toY- 


Logic Control 
Yoltage 
......•..•..•........... 
Y+ 
to Y- 


Analog 
Input Yoltage 
.........•..•........... 
Y+ 
to Y- 


Current 
(any Terminal) 
SOmA 
Operating 
Temperature: 
(M Version) 
- SS'C to + 12S'C 
(I Version) 
...................•..... 
- 2S'C to + 8S'C 
(C Version) 
....•..•..•..•..•..•....... 
O'C to + 70'C 


Storage 
Temperature 
-6S'C 
to + 1S0'C 
Lead Temperature 
(Soldering, 
1Osee) 
300'C 
Power Dissipation 
2S0mW 
Derate above 2S'C 
@ 
..•..•.••..•.••.••..• 
7.SmWI'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress rstings only 


and functional operation of the dBVic9 at these or any other conditions 
above 
those indicat9d 
in the operational 
sections 
of the specificstions 
is not 


implied. 
Exposure 
/0 absolute 
maximum 
rating conditions 
for extended 
ped- 
ods may affect 
device re/isbHify. 


DC ELECTRICAL 
CHARACTERISTICS 


V+ = + 15V. VL = + 5V. v- = -15V. 
TA = 25"C unless otherwise 
specified. 


M Grade 
Device 
I/C Grade 
Device 


Symbol 
Parameter 
Test Conditions 
Typ 
-251 
+851 
Units 


-55"C 
+ 25"C 
+ 125"C 
o-C 
+ 25"C 
+70"C 


Supply Voltage 
Ranges 
V+ 
Positive 
Supply 
4.5>16 


VL 
Logic Supply 
(Note 3) 
4.5>V+ 
V 
V- 
Negative 
Supply 
-4> 
-16 


Switch 
"ON" 
Vo= 
±5V 
75 
75 
100 
75 
75 
100 


ROS(on) 
Resistance 
Is=10mA. 
VIN22.4V 
(Note 4) 
Vo= 
±10V 
125 
125 
175 
150 
150 
175 


ROS(on) 
Switch 
"ON" 
V+ =VL = +5V. 
250 
250 
350 
300 
300 
350 
n 
Resistance 
VIN=3V 
V- 
= -5V. 
Vo= 
±3V 


Is=10mA 


.iROS(on) 
On Resistance 
Is=10mA, 
5 
Match 
Between 
Vo= 
±5V 
Channels 


VIH 
Logical 
"1" 
Input Voltage 
>2.4 
V 
VIL 
Logical 
"0" 
Input Voltage 
<0.8 


10(off) 
Switch 
"OFF" 
VS/O= 
±5V 
±0.5 
50 
±1.0 
100 
or 
Leakage 
VIN5:0.8V 


IS(ott) 
(Notes 
2 and 4) 
VS/O= 
±14V 
±0.5 
50 
± 1.0 
100 
nA 


10(on) 
Switch 
"ON" 
VS/O=±5V 
±1 
50 
±2 
100 


+ 
Leakage 
VIN22.4V 


IS{on) 
VS/O=±14V 
±1 
100 
±2 
100 


IIN 
Input Logic Current 
VIN22.4Vor<OV 
0.1 
±1 
±1 
10 
±1 
±1 
10 


1+ 
Positive 
Supply 
VIN=OVor 
+5V 
0.1 
1 
1 
10 
1 
1 
10 
Quiescent 
Current 
)-LA 
1- 
Negative 
Supply 
VIN=OVor 
+5V 
0.1 
1 
1 
10 
1 
1 
10 
Quiescent 
Current 


IL 
Logic Supply 
VIN=OVor 
+5V 
0.1 
1 
1 
10 
1 
1 
10 
Quiescent 
Current 
•• 


NOTES: 
1. Typical values are not tested in production. 
They are given as a design aid only. 


2. Positive and negative 
voltages 
applied to opposite 
sides of switch, in both directions 
successively. 


3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 
4. The logic inputs are either greater than or equal to 2.4V or less than or equal to a.av, as required, for this test. 


AC ELECTRICAL 
CHARACTERISTICS 


V + = + 15V. VL = + 5V. V - = OV. TA = 25"C unless otherwise 
specified 
(Note 5). 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


ton 
Switch 
"ON" 
Time 
See Figure 4 
150 
300 
ns 
Ioff 
Switch 
"OFF" 
Time 
See Figure 4 
80 
150 


OIRR 
"OFF" 
Isolation 
Rejection 
Ratio 
See Figure 5 (Note 6) 
70 
dB 
CCRR 
Cross Coupling 
Rejection 
Ratio 
See Figure 6 (Note 6) 
60 


f3dB 
Switch 
Attenuation 
3dB Frequency 
See Figure 7 (Note 6) 
100 


.•.~ 
C') 
."! 
TEST CIRCUITS 


Tfl 
+3V 


INPUT 
OV 


You, 
+:=ruTL1N 


•• +3.5V 


YOU, 


YANAlOG +5V 


Vou, 


YAHAlOG = - 5V 


• 
- 3.5V 


Note: Only one channel 
shown. Other acts identically. 


Figure 4: Switching Time Test Circuit and Waveforms 


VIN= ±5V (10Vp_p) @f=10MHz 


OIRR = 20109 VIN 
Your 


Note: Only one channel shown. Other acts identically. 
Figure 5: OFF Isolation Test Circuit 


VIN=225mVrms 
@f=10MHz 


CCRR = 20109 VIN 
Your 
Figure 6: Cross-Coupling 
Rejection Test Circuit 


RL 
ATTN:=20 
log10--~- 
RDS(on)+RL 


RDS(on) Versus 
Analog 
Input 
Voltage 
with ± 15V Power Supplies 


70 


60 


S! 
50 
~ 


40 


PIN 3- 
+ 15V, PIN 7 - 
-15V 
PIN10= 
+5V 
7 
TA=25°C 
IT 
~ 
/ 
l/ 
", 


RDS(onl Versus Analog 
Input Level 
wi h ± 5V Power Supplies 


180 


S140 
I 
~ 
120 


80 
-5 
0 
+5 


ANALOG 
INPUT VOLTAGE LEVEL (V) 


30 
-15 
-10 
-5 
0 
5 
10 
15 


ANALOG 
INPUT VOLTAGE LEVEL (V) 


0295-9 


CCRR (Cross Coupling 
Rejection) 
Versus 
Frequency 
(See Figure 6) 


100 


iii 
:2. 70 
a:l'j 
60 
o 


40 


30 
0.1 
1 
10 


FREQUENCY 
(MHz) 


SWITCH 
/~ 
SWITCH 
SOURCE o------<T"I 
( 
0---0 
DRAIN 


(IN) 
L _ _ 
_ J 
(OUT) 


I 
CONTROL~ 
IN~o- 


DRIVER 
TRANSLATOR 
~ 


0295-14 
Figure 8: Internal Switch Configuration 


DETAILED 
DESCRIPTION 


As can be seen 
in Figure 
8, the switch 
circuitry 
is of the 
so-called 
"T" 
configuration, 
where 
a shunt 
switch 
is closed 
when 
the switch 
is open. 
This 
provides 
much 
better 
isola- 
tion between 
the input and the output 
than 
a single 
series 
switch 
does, 
especially 
at high 
frequencies. 
The 
result 
is 
excellent 
performance 
in the 
Video 
and 
RF region 
com- 
pared 
to conventional 
Analog 
Switches. 


The 
input 
level 
shifting 
circuit 
is similar 
to 
that 
of 
the 
IH5140 
Series 
of Analog 
Switches, 
giving 
very high speed 
and 
guaranteed 
"Break-before-Make" 
action, 
with 
negligi- 
ble static 
power 
consumption 
and TIL 
compatibility. 


iii 
:2. 70 
a:5 60 


50 


40 


OIRR (OFF Isolation 
Rejection) 
Versus 
Frequency 
(See Figure 5) 
100 
PIN 3-PIN 
10- 
+5V 
PIN 7= 
-5V 
-V 
TA= 25°C 
I-- 


J 
l/ 
) 


1 
10 


FREQUENCY 
(MHz) 


Typical 
Switch 
Attenuation 
Versus 
Frequency 
(RL ~ 7511, See Figure 7) 
-3.3 


CHOLD 
l000pfT 


m-3.4 
."-;;--3.5 
.2 
1ii-3.6 
::Ic 
~ -3.7 
0«( 
~ -3.8 
Bj 
-3.9 
'" 


1 
10 


FREQUENCY (MHz) 


r---1- 
+3V 
..J 
l- 
OV 


TTllH 
(STROBE) 
• 
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*Adjust pot for OrnVp.p step@ VOUT with no analog (AC) signal present 


Figure 9: Charge Injection Compensation 


CHOLD 
T 


,OOOpF 
+3V=:rL.- 


OV 
TTL 
CONTAOLlN 


APPLICATIONS 
Charge Compensation Techniques 


Charge 
injection 
results 
from 
the signals 
out of the level 


translation 
circuit 
being 
coupled 
through 
the 
gate-channel 
and 
gate-source/drain 
capacitances 
to 
the 
switch 
inputs 
and outputs. 
This feedthrough 
is particularly 
troublesome 
in 
Sample-and-Hold 
or 
Track-and-Hold 
applications, 
as 
it 


causes 
a Sample 
(Track) 
to Hold offset. 
The IH5341 
devic- 


es 
have 
a typical 
injected 
charge 
of 
30pC-50pC 
(corre- 


sponding 
to 30mV-50mV 
in a 1000pF 
capacitor), 
at VS/D of 
about 
OV. 


This Sample 
(Track) 
to Hold offset 
can be compensated 
by bringing 
in a signal 
equal 
in magnitude 
but of the oppo- 
site 
polarity. 
The 
circuit 
of 
Figure 
9 
accomplishes 
this 
charge 
injection 
compensation 
by using one side of the de- 
vice 
as a S & H (T & H) switch, 
and the other 
side 
as a 
generator 
of a compensating 
signal. The 1kO potentiometer 
allows 
the user to adjust 
the net injected 
charge 
to exactly 
zero for'any 
analog 
voltage 
in the 
-5V 
to +5V 
range. 


Since 
individual 
parts 
are very consistent 
in their 
charge 
injection, 
it is possible 
to replace 
the potentiometer 
with a 
pair of fixed 
resistors, 
and achieve 
less than 
5mV error for 
all devices 
without 
adjustment. 


An alternative 
arrangement, 
using a standard 
TIL 
inverter 
to generate 
the 
required 
inversion, 
is shown 
in Figure 
10. 


The capacitor 
needs to be increased, 
and becomes 
the only 
method 
of adjustment. 
A fixed 
value 
of 22pF 
is good 
for 
analog 
values 
referred 
to ground, 
while 35pF is optimum 
for 
AC coupled 
signals 
referred 
to -5V 
as shown 
in the figure. 
The choice 
of - 5V is based on the virtual disappearance 
at 
this 
analog 
level 
of the 
transient 
component 
of switching 
charge 
injection. 
This 
combination 
will 
lead 
to 
a virtually 


"glitch-free" 
switch. 


Overvoltage Spike Protection 


If sustained 
operation 
with 
no supplies 
but with 
analog 
signals 
applied 
is possible, 
it is recommended 
that 
diodes 
(such as 1N914) 
be inserted 
in series 
with the supply 
lines 
to the 
IH5341. 
Such 
conditions 
can occur 
if these 
signals 
come from a separate 
power supply 
or another 
location, 
for 
example. 
The diodes 
will be reverse 
biased 
under 
this type 
of operation, 
preventing 
heavy 
currents 
from 
flowing 
from 
the analog 
source 
through 
the IH5341. 


The same 
method 
of protection 
will provide 
over 
± 25V 
overvoltage 
protection 
on the analog 
inputs 
when 
the sup- 
plies 
are 
present. 
The 
schematic 
for 
this 
connection 
is 
shown 
in Figure 
11. 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The IH5352 is a QUAD SPST, CMOS monolithic video 
switch which uses a "Series/Shunt" 
("T" switch) configura- 


tion to obtain high "OFF" isolation while maintaining good 
frequency response in the "ON" condition. 


Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current 
requirements. 
Switching 
speeds 
are 
typically 
Ion= 150ns 
and 
toff=80ns, 
and 
"Break-Before-Make" 
switching is guaranteed. 


Switch "ON" resistance is typically 400·500 
with ± 15V 
power supplies, increasing to typically 1750 for ± 5V sup- 
plies. 


Part 
Temperature 
Number 
Range 
Package 


IH5352CPE 
OOCto +700C 
16-Pin 
Plastic DIP 


IH53521JE 
-250C 
to +850C 
16-Pin 
CERDIP 


IH5352MJE 
-550C 
to +1250C 
16-Pin 
CERDIP 


IH5352CBP 
OOCto +700C 
20-Pin 
SOIC 


IH53521BP 
-1250C 
to +850C 
20-Pin 
SOIC 


5, o-------<~----o 
0, 
I 


'.,~ 


5z0>-------<0'10----00z 
I 


'.Z~ 


5, o-------<~---_<o 
0, 
I 


I"~ 


5.0------0'10----0 
o. 
I 


I"~ 


IH5352 : 
QUAD SPST CMOS ~ 
RF/Video 
Switch ! 


FEATURES 


• ROS(on)<750 
• Switch Attenuation 
Varies Less Than 3dB From DC 
to 100MHz 
• "OFF" Isolatlon>70dB 
Typical 
@ 10MHz 
• Cross Coupling Isolation 
>60dB 
@ 10MHz 
• Directly Compatible with TTL, CMOS Logic 
• Wide Operating Power Supply Range 
• Power Supply Current < 1).LA 
• "Break-Belore-Make" 
Switching 
• Fast Switching (80ns/150ns Typ) 


APPLICATIONS 
• Video Switch 
• Communications 
Equipment 
• Disk Drives 
• Instrumentation 


• CATV 


20 Lead SOIC 
TOP VIEW 


I'N1 
°1 
IIN1 
°1 • 


51 
V+ 
51 
V+ 


'IN2 
°2 
NC 
NC 


52 
GNO 
°2 


52 
GNO 
I'N3 
°3 


53 
V- 
°3 
V- 


IIN4 
°4 
NC 
54 
VL 
°4 


VL 


Figure 
2: Pin Configurations 
Package 
Outline 
Drawing: 
PE, JE 


Figure 1: Functional 
Diagram 
(SWitches are open for a logic "0" control 
Input, 
and closed for a logic "1" control 
Input.) 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
305529-004 


Clot 
II)" 
II)! 
ABSOLUTE 
MAXIMUM 
RATINGS 
(TA = 25·C Unless Otherwise 
Noted) 


V + to Ground 
+ 18V 
Storage Temperature 
- 65·C to + 160·C 
V - to Ground 
- 18V 
Lead Temperature 
VL to Ground 
V+ to V- 
(Soldering,10sec) 
300·C 
Logic Control Voltage 
V+ to V- 
Power Dissipation: 


Analog Input Voltage 
V+ to V- 
CERDIP 
450mW 
Current (any terminal) 
<50mA 
derate 4mWrC 
above 25·C 
Operating 
Temperature: 
Plastic 
350mW 
(M Version) 
- 55·C to + 125·C 
derate 3mW rc above 25·C 
(I Version) 
- 20·C to + 85·C 
(C Version) 
O·C to + 70·C 


NOTE: Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
see/ions 
of the specifications 
is nol implied. 
Exposure 
to absolute 


maximum 
fating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


DC ELECTRICAL 
CHARACTERISTICS 


V+ = + 15V, v- 
= -15V, 
VL = + 5V, TA =25·C 
unless otherwise 
noted. 


Maximum 
Ratings 


Symbol 
Parameter 
Test Conditions 
Typ 
M Grade 
Device 
IIC Grade 
Device 
Units 
@2S·C 


-SS·C 
+2S·C 
+ 12S·C -2S/O·C 
+2S·C 
+8S1 
+70·C 


Supply Voltage 
Ranges: 


V+ 
Positive Supply 
5to 
15 


VL 
Logic Supply 
(Note 3) 
5to 
15 
V 


V- 
Negative Supply 
-5to 
-15 


RoS(on) 
Switch "ON" 
Is=10mAIVo= 
±5V 
50 
75 
75 
100 
75 
75 
100 
Resistance 
(Note 4) 
VIN22.4Vlvo= 
±10V 
100 
125 
125 
175 
150 
150 
175 


RoS(on) 
Switch "ON" 
Is= 
10mA, V+ = 


Resistance 
VL = +5V 
V- 
= -5V, 
175 
250 
250 
350 
300 
300 
350 
n 


Vo= 
±3V, VIN= 
3V 


.1.RoS(on) On Resistance "Match 
Is=10mA, 
Vo= 
±5V 
5 
Between Channels 


VIH 
Logical "1" 
>2.4 
Input Voltage 
V 
VIL 
Logical "0" 
<0.8 
Input Voltage 


10(0H) 
Switch 'OFF' 
VS/o= 
±5V 
±1.0 
50 
±2.0 
100 
or 
Leakage 
VS/o= 
±14V 
IS(ott) 
(Note 2 and 4) 
VIN~0.8V 
±1.0 
50 
±2.0 
100 
nA 
lo(on) 
Switch 'ON' 
VS/D= 
±5V 
±1.0 
100 
±2.0 
100 


+ 
Leakage 
VS/o= 
±14V 
IS(on) 
VIN22.4V 
±1.0 
100 
±2.0 
100 


IIN 
Logic Control 
VIN22.4Vor 
<OV 
0.1 
±1 
±1 
10 
±1 
±1 
10 
Input Current 


1+ 
Positive Supply 
VIN=OVor 
+5V 
0.1 
Quiescent 
Current 
1 
1 
10 
1 
1 
10 
J.lA 
1- 
Negative Supply 
VIN=OVor 
+5V 
0.1 
Quiescent 
Current 
1 
1 
10 
1 
1 
10 


IL 
Logic Supply 
VIN=OVor 
+5V 
0.1 
1 
1 
10 
1 
1 
10 
Quiescent 
Current 


AC ELECTRICAL 
CHARACTERISTICS 
v+ = + 15V, VL = + 15V, v- = -15V, 
TA = 25·C unless otherwise 
specified 
(Note 5). 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 


ton 
Switch 
"ON" 
Time 
150 
300 
ns 
loft 
Switch 
"OFF" 
Time 
80 
150 


OIRR 
"OFF" 
Isolation 
Rejection 
Ratio 
70 
dB 
CCRR 
Cross Coupling 
Rejection 
Ratio 
60 


f3dB 
Switch Attenuation 
3dB Frequency 
100 
MHz 


Notes: 1. Typical values are not tested in production. They are given as a design aid only. 


2. 
Positive 
and 
negative 
voltages 
applied 
to opposite 
sides 
of switch, 
in both 
directions 
successively. 


3. 
These 
are 
the 
operating 
voltages 
at which 
the 
other 
parameters 
are 
tested, 
and 
are 
not 
directly 
tested. 


4. The logic inputs are either greater than or equal to 2.4V or less than or equal to a.av, as required, for this test. 
5. All AC parameters are sample tested only. 


SWITCH 
O----OORAIIi 
(VIDEO OUTPun 


DETAILED 
DESCRIPTION 


Figure 
3 shows 
the internal 
circuit 
of one channel 
of the 
IH5352. 
This is identical 
to the IH5341 
"T-Switch" 
configu- 


ration. 
Here, 
a shunt 
switch 
is closed, 
and the two 
series 
switches 
are open when the video switch 
channel 
is open or 
off. This 
provides 
much 
better 
isolation 
between 
the input 
and output 
terminals 
than a simple 
series 
switch 
does, 
es- 


pecially 
at high frequencies. 
The result is excellent 
off-isola- 
tion in the Video 
and RF frequency 
ranges 
when 
compared 
to conventional 
analog 
switches. 


The control 
input 
level shifting 
circuitry 
is very similar 
to 
that 
of the 
IH5140 
series 
of Analog 
Switches, 
and 
gives 
very 
high speed, 
guaranteed 
"Break-Before-Make" 
action, 


low static 
power 
consumption 
and TTL compatibility. 


CIRCUIT Of SWITCH CHAllIIEl 


SWITCH 
./ 
SOURCE o--------<r! 
c 


(VIDEO IIiPun 
IL 
_ 
I 


lOGIC~1 
COIiTROl 
- 
IIiPUT 
DRIVER 
TRAIiSlATOR 


NOTE: 1 CHANNEL 
OF 4 SHOWN 
Figure 3: Internal Switch Configuration 


Voun 
TTl 
+3V 
1000 
INPUT 
OV 
• 


+3.3V 


1000 
Vour 
OV 
VANAlOG = +SV 


"'-' 
VANAlOG 
OV 


Your 
90% 


1000 
VANAlOG = -SV 
-3.3V 
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1000 


~:JL 


LOGIC 
CONTROL 
SIGNAL 


0296-4 
Figure 4: Switching Time Test Circuit and Waveforms 


IH5352 
RG·59 COAX 
18 
Vour 


15 
+15V 


750 


14 


13 


12 


11 
-= 
-15V 


+5V 
-= 


IHS352 
750 
16 
+SV 


2 
15 
+15V 
VOUTl 


3 
14 
750 


4 
13 
VOUT2 


5 
750 


-=- 


6 


7 
750 


8 
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OIRR-20LOG~ 
Your 


0296-7 


CCRR-20LOG~ 
Your 


IH5352 
RG·59 COAX 
16 


VOUT 


15 
+15V 
750 


14 
750 


13 


12 
750 


11 
-= 
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f - 3dB ~ FREQUENCY 
WHERE DC SWITCH 


ATIENUATION 
IS DOWN 3dB 


V'N~225mV RMS@ 10-I00MHz 


• 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The IH6201 
is a CMOS, 
Monolithic, 
Dual Voltage 
Transla- 
tor; it takes 
low level TTL or CMOS 
logic signals 
and con- 
verts them to higher levels 
(I.e. to ± 1SV swings). 
This trans- 
lator is typically 
used in making 
solid state switches, 
or ana- 
log gates. 


When 
used in conjunction 
with the IH401A 
Varafets, 
the 
combination 
makes 
a complete 
solid 
state 
switch 
capable 
of switching 
signals 
up to 22Vpp 
and up to 20MHz 
in fre- 
quency. 
This 
switch 
is a 
"break-before-make" 
type 
(i.e. 


Ioff time< 
Ion time). 
The 
combination 
has 
typical 
Ioff 
:::: 


80ns and typo Ion :::: 200ns for signals 
up to 20Vpp 
in ampli- 
tude. 


A TTL "1" 
input strobe 
will force the 6 driver output 
up to 
V+ 
level; the 8 output 
will be driven 
down 
to the V- 
level. 


When 
the TTL input goes to "0", 
the 6 output 
goes to V- 


and 8 goes to V +; thus 6 and 8 are 180· out of phase with 
each 
other. 
These 
complementary 
outputs 
can be used to 
create 
a wide variety 
of functions 
such as SPOT and DPDT 
switches, 
etc.; alternatively 
the complementary 
outputs 
can 
be used 
to drive 
Nand 
P channel 
MOSFETs, 
to make 
a 
complete 
CMOS 
analog 
gate. 


The driver typically 
uses + SV and ± 1SV power 
supplies, 


however 
a wide 
range 
of V + and V - 
is also possible. 
It is 
necessary 
that V + > SV for the driver to work properly, 
how- 
ever. 


DRIVER 
OUTPUT 
81 


81 


LOGIC 
STROBE 
INPUT2 


LOGIC 
STROBE 
INPUT, 


IH6201 
Dual CMOS 
Driver IVoltage 
Translator 


FEATURES 


• Driven 
Direct 
From 
TTL 
or CMOS 
Logic 


• Translates 
Logic 
Levels 
Up to 30V Levels 


• Switches 
20V ACPP Signals 
When 
Used 
in 
Conjunction 
With 
the 
IH401A 
Varafet 
(As An Analog 
Gate) 


• toN';; 300ns 
& tOFF';; 200ns 
for 
30V Level 
Shifts 


• Quiescent 
Supply 
Current,;; 
100!'-A for 
Any 
State 
(D.C.) 


• Provides 
Both 
Normal 
& Inverted 
Outputs 


Part Number 
Temperature 
Package 
Range 


IH6201CJE 
O·Cto 
70·C 
16 Pin CERDIP 


IH6201MJE 
-SS·C 
to 12S·C 
16 Pin CERDIP 


IH6201CPE 
O·Cto 
70·C 
16 Pin Plastic 


DRIVER 
OUTPUT 
82 
82 


0299-1 


(Outline 
dwgs DE,JE,PE) 
Figure 
2: Pin Configuration 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ 
toV- 
3SV 
v+ 
3SV 
V - 
3SV 
V + to VIN 
40V 
Operating 
Temperature 
- SsoC to + 12SoC 
Storage 
Temperature 
-6SoC 
to + 1S0°C 
Lead Temperature 
(Soldering, 
1Osee) 
300°C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent 
damage 
to the device. 
These are stress ratings only 


and functional operation of the device at these or any other conditions 


above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Item 
Test Conditions 
IH6201CDE 
IH6201MDE 
Units 


-2SoC 
+2SoC 
+8SoC 
-SsoC 
+2SoC 
+ 12SoC 


(J or (J driver output 
swing 
VIN=OV 
SL +3V 
Fig. S8 
28 
28 
Vpp 


VIN strobe 
level ("1 ")for 
(J:?14V 
3.0 
3.0 
3.0 
2.4 
Vo.C. 
proper translation 
Ii:? -14V 


VIN strobe 
level ("O")for 
(J:? -14V 
0.4 
0.4 
0.4 
0.8 
Vo.C. 
proper translation 
8:?14V 


IIN input strobe 
current 
draw 
VIN=OVor 
+SV 
±1 
±1 
10 
±1 
±1 
10 
I-'A 
(for OV - SV range) 


Ian time 
VIN = OV SL CL = 30pF 
SOO 
SOO 
ns 
switching 
turn-on 
time fig. S8 


lafftime 
VIN = OV SL CL = 30pF 
SOO 
SOO 
ns 
switching 
turn-off 
time fig. S8 


1+ (V+) 
power supply 
VIN=OVor 
+SV 
100 
100 
100 
100 
100 
100 
I-'A 
quiescent 
current 


1- (V -) 
power supply 
VIN=OVor 
+SV 
100 
100 
100 
100 
100 
100 
I-'A 
quiescent 
current 


IL (VLl power supply 
VIN=OVor 
+SV 
100 
100 
100 
100 
100 
100 
I-'A 
quiescent 
current 
• 


TIL 
INPUT 
LOGIC 
STROBE 


DRIVER 
OUTPUT 
8 


DRIVER 
OUTPUT 
8 


V- 


Figure 3: Schematic Diagram (One Channel) 


APPLICATIONS 
Input Drive Capability 


The strobe 
input lines are designed 
to be driven from TIL 
logic 
levels; 
this means 
O.BV to 2.4V levels 
max. and min. 
respectively. 
For those 
users who require 
O.BV to 2.0V oper- 
ation, 
a pUll-up resistor 
is recommended 
from the TIL 
out- 
put to + 5V line. This resistor 
is not critical 
and can be in the 
1kD. to 10kD. range. 


When 
using 4000 
series 
CMOS 
logic, the input strobe 
is 


connected 
direct to the 4000 series gate output 
and no pUll 
up resistors, 
or any other 
interface, 
is necessary. 


When the input strobe 
voltage 
level goes below 
Gnd (Le. 


to 
-15V) 
the 
circuit 
is unaffected 
as long 
as V+ 
to VIN 
does 
not exceed 
absolute 
maximum 
rating. 


Output Drive Capability 


The translator 
output 
is designed 
to drive the IH401A 
Va- 
rafets; 
these 
are 
N-channel 
JFETS 
with 
built-in 
driver 
di- 
odes. 
Driver 
diodes 
are 
necessary 
to 
isolate 
the 
signal 
source 
from the driver/translator 
output; 
this prevents 
a for- 
ward bias condition 
between 
the signal input and the + Vcc 


supply. 
The IH6201 
will drive any JFET 
provided 
some 
sort 
of isolation 
is added. 


You will notice 
in Figure 
4 that 
a "referral" 
resistor 
has 
been added 
from 2N4391 
gate to its source. 
This resistor 
is 
needed 
to 
compensate 
for 
the 
inadequate 
charge 
area 
curve 
for isolation 
diode 
i.e. if C vs. V plot for diode~2 
[C 
vs. V plot for output 
JFETl 
switch 
won't 
function; 
then add- 
ing this resistor 
overcomes 
this condition. 
The "referral" 
re- 
sistor is normally 
in the 100kO 
to 1MO range and is not too 
critical. 


Making a Complete Solid State Switch 
That Can Handle 20Vpp Signals 


The 
limitation 
on signal 
handling 
capability 
comes 
from 


the output 
gating 
device. 
When 
a JFET 
is used, the pinch- 
off of the JFET acting 
with the V- 
supply does the limiting. 


In fact max. signal 
handling 
capability 
= 2 (Vp + 
(V-» 
Vpp 
where 
Vp= 
pinch-off 
voltage 
of JFET 
chosen. 
i.e. Vp= 
7V, 
V-=-15V:. 
max. 
signal 
handling=2 
(7V 
+ 
(-15V» 
Vpp = 2(7V -15)Vpp 
= 2( - 8Vpp) = 16Vpp. 
Obviously 
to 
get:1:20Vpp, 
Vp:1:5V 
with V- 
= -15V. 
Another 
simple 
way 
to get 20Vpp 
with Vp=7V, 
is to increase 
V- 
to 
-17V. 
In 
fact 
using 
V+=+12V 
or 
+15V 
and 
setting 
V-=-18V 
allows 
one 
to switch 
20Vpp 
with 
the 
IH401A. 
The advan- 


tage of using the Vp = 7V pinch-off 
(along with unsymmetri- 
cal 
supplies), 
over 
the 
Vp = 5V pinch-off 
(and 
± 15V sup- 
plies), 
is that 
you will have 
a much 
lower 
ROS(ON) for the 
Vp=7 
JFET 
(i.e. for the 2N4391). 


rOS(ON) :::::220, 
rOS(ON) :::::350) 
Vp=7V 
Vp=5V 


The IH6201 
is a dual translator, 
each containing 
4 CMOS 
FET pairs. The schematic 
of one-half 
of an IH6201, 
driving 
one-quarter 
of an IH401 A, is shown 
in Figure 
5A. 


r--I r,;;g:l 
-I 
L.. 
INPUT 


STROO. 
.•. 


OND 


Vl 
-+5V 


---<>y, 


"'5V 


tI .1SVI1.. 


I 
I 
I 
I 


I 
I 
I 
I 


.•.15YLS 


-"~V 


,----1 
I 
I 
I 
I 
I 


I 
I 


I 
• 
I 
L~A!!.U...! .•....J 


NOTE: Each translator 
output 
has a () and 9 output. 
() is just 


the inverse 
of 9. 


A very useful 
feature 
of this system 
is that one-half 
of an 
IH6201 
and one-half 
of an IH401A 
can combine 
to make a 
SPDT switch, 
or an IH6201 
plus an IH401A 
can make a dual 
SPDT analog 
switch 
(See Figure 
8). 
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APPLICATIONS 
(Continued) 


Selection Guide 
DG506A 
DG507A 
DG508A 


DG509A 


DG526 


DG527 


DG528 


DG529 


HI-1818A 
HI-1828A 


HI-506 
HI-507 
HI-506A 


HI-508 


HI-509 
HI-508A 


HI-524 


HI-539 
HI-546 


IH5108 


IH5116 
IH5208 


IH5216 
IH6108 


IH6208 


16-Channel 
CMOS Analog Multiplexer 
. 


Dual8-Channel 
CMOS Analog Multiplexe"r 
. 
8-Channel 
CMOS Analog Multiplexer 
. 
Dual4-Channel 
CMOS Analog Multiplexer 
. 


16-Channel 
CMOS Latchable Multiplexer 
. 


Dual8-Channel 
CMOS Latchable Multiplexer 
. 


8-Channel 
Latchable Multiplexer 
. 


Dual4-Channel 
Latchable Multiplexer 
. 


Low Resistance Single 8-Channel 
CMOS Analog Multiplexer 
. 
Low Resistance Single 8-Channel 
CMOS Analog Multiplexer 
. 


Single 16-Channel 
CMOS Analog Multiplexer 
. 


Differential 8-Channel 
CMOS Analog Multiplexer 
. 
Single 16-Channel 
CMOS Analog Multiple,xer 
with Active Overvoltage Protection 
. 


Differential 8-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 
Single 8-Channel 
CMOS Analog Multiplexer 
. 


Differential4-Channel 
CMOS Analog Multiplexer 
. 
Single 8-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 
Differential4-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 
Programmable 
16-ChannellDifferential 
8-Channel 
CMOS High-Speed 
Analog Multiplexer 
. 
Programmable 
8-ChanneIlDifferentiaI4-Channel 
CMOS High-Speed 
Analog Multiplexer 
. 


4-Channel 
Wideband and Video Multiplexer 
. 
Monolithic, 4-Channel, 
Low Level, Differential Multiplexer 
. 
Single 16-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 
Differential8-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 


Single 8-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 


Differential 4-Channel 
CMOS Analog Multiplexer 
with Active Overvoltage Protection 
. 
8-Channel 
Fault Protected CMOS Analog Multiplexer 
. 


16-Channel 
Fault Protected CMOS Analog Multiplexer 
. 


4-Channel 
Differential Fault Protected CMOS Analog Multiplexer 
. 


8-Channel 
Differential Fault Protected CMOS Analog Multiplexer 
. 
8-Channel 
CMOS Analog Multiplexer 
. 


4-Channel 
DifferentiaJ CMOS Analog Multiplexer 
. 


8-2 
8-3 


8-3 
8-13 
8-13 


8-21 


8-21 


8-31 


8-31 


8-40 


8-40 
8-46 


8-46 


8-52 


8-52 


8-58 
8-58 


8-65 


8-65 


8-71 • 
8-76 


8-81 


8-86 


8-95 


8-95 


8-101 


8-101 


8-108 
8-117 


8-130 
8-139 


8-153 
8-163 


GENERAL 
PURPOSE 
DEVICE 
NUMBER 
(S) 
CONFIGURATION 
Rds (ON)-OHMS 


DG50SA, 
H150S, IH610S 
S-CHANNEL 
SINGLE 
ENDED 
450 


DG506A, 
HI506 
16-CHANNEL 
SINGLE 
ENDED 
450 


DG509A, 
H1509, IH620S 
4·CHANNEL 
DIFFERENTIAL 
450 
DG507A, 
HI507 
S-CHANNEL 
DIFFERENTIAL 
450 


FAULT PROTECTED 
DEVICE 
NUMBER 
(S) 
CONFIGURATION 
Rds (ON)-OHMS 


HI-50SA, IH510S 
S-CHANNEL 
SINGLE 
ENDED 
1S00 


HI-506A, 
IH5116 
16-CHANNEL 
SINGLE 
ENDED 
1S00 


HI·509A, 
IH520S 
4-CHANNEL 
DIFFERENTIAL 
1S00 


HI-507A,IH5216 
S·CHANNEL 
DIFFERENTIAL 
1SOO 


IJPROCESSOR 
COMPATIBLE 
DEVICE 
NUMBER(S) 
CONFIGURATION 
Rds (ON)- 
OHMS 


DG526 
16-CHANNEL 
SINGLE 
ENDED 
400 
DG527 
S·CHANNEL 
DIFFERENTIAL 
400 
DG52S 
S-CHANNEL 
SINGLE 
ENDED 
450 
DG529 
4·CHANNEL 
DIFFERENTIAL 
450 


MODE 
PROGRAMMABLE 
PROGRAMMABLE 
DEVICE 
NUMBER 
(S) 
CONFIGURATION 
Rds (ON)-OHMS 


HI·516 
16-CHANNEL/DUAL 
S-CHANNEL 
750 
HI-51S 
S-CHANNEL/DUAL 
4-CHANNEL 
750 


SPECIAL 
PURPOSE 
DEVICE 
NUMBER 
CONFIGURATION 
Rds (ON)-OHMS 


HI-524 
4-CHANNEL 
VIDEO, LOW CROSSTALK 
1500" 
HI-539 
DIFF., 4-CHANNEL, 
LOW LVL MATCHED 
900 


NOTE: MOST Rds (ON) VALUES ARE MAXIMUM 
AT 250C. 


"THIS 
IS THE MAXIMUM 
VALUE OVER THE ENTIRE 
0°10 
700C TEMP 
RANGE 


DG506A/DG507 
A ~ 
16-Channel/Dual 
8-Channel 
CMOS ~ 
Analog Multiplexer 
~ 
~coo 
II)g 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION. 


The 
DGS06A1DGS07A 
are 
CMOS 
monolithic 
16-channel 


and dual 8-channel 
analog 
multiplexers, 
which 
can also be 


used as demultiplexers. 
The DGS06A 
uses 4 address 
inputs 
to control 
its 16 channels, 
and the DGS07 A uses 3 address 
inputs to control 
its dual 8 channels. 
An enable 
input is pro- 


vided. 
When the enable 
input is high, a channel 
is selected 
by the address 
inputs, 
and when 
low, all channels 
are off. 


A channel 
in the ON state 
conducts 
current 
equally 
well in 
both directions. 
In the OFF state each channel 
blocks 
volt- 
ages up to the supply 
rails. The address 
inputs 
and the en- 
able input are TIL 
and CMOS compatible 
over the full spec- 
ified 
operating 
temperature 
range. 
Both 
DG506A 
and 
DGS07A 
are available 
in the 
military, 
industrial, 
and 
com- 
mercial 
temperature 
ranges. 


The DGS06A1S07A 
are pin-out 
compatible 
with the industry 
standard 
devices. 


I~rI 
'" 


• Low 
Power 
Consumption 


• TIL 
and 
CMOS Compatible 
Address 
and 
Enable 
Inputs 


• 44V maximum 
Power 
Supply 
Rating 


• HIGH 
Latch-Up 
Immunity 


• Break·Before-Make 
Switching 


• Alternate 
Source- 


APPLICATIONS 


• Data 
Acquisition 
Systems 


• Communication 
Systems 


• Signal 
Multiplexing/Demultlplexing 


• Audio 
Signal 
Multiplexing 


Part Number 
Temperature 
Package 
Range 


DGS06AAK/S07 
AAK 
- 5S·C to + 12S·C 
28-Pin CERDIP 


DGS06ABK/507ABK 
- 2S·C to + 8S·C 
28-Pin CERDIP 


DGS06ACK/S07 
ACK 
O·Cto 
+7O·C 
28-Pin CERDIP 


DGS06ACJ/S07 
ACJ 
O·Cto 
+7O·C 
28-Pin Plastic DIP 


4 Une Binary Address 
Inputs 
(000 
1)andEN@5V 
Above Example Shows Channel 9 Turned ON. 


3 Line Binary Address 
Inputs 
(0 
0 
0) and EN ~ 5V 
Above Example Shows Channels 
1a & 1bON. 


Figure 
1: Functional 
Diagrams 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABIUTY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
307050-002 


• 


oC,.. 
o 
II)g ABSOLUTE 
MAXIMUM 
RATINGS 
;c 
v+ 
toV- 
.44V 


U) 
V - to Ground 
- 25V 


~ 
VIN to Ground 
(Note 
1) 
(V- 
- 
2V), (V+ 
+ 2V) 
g 
VsorVotoV+ 
(Note 1) .....•........... 
+2.(V- 
- 
2V) 


VsorVotoV- 
(Note 
1) 
-2, 
(V+ 
+ 2V) 


Current, 
Any Terminal 
except 
S or 0 
30 mA 


Continuous 
Current, 
S or 0 
20 mA 


Peak Current, 
S or 0 
(Pulsed at 1 ms, 10% Duty Cycle Max) 
40 mA 


Operating 
Temperature 
C Suffix 
O'C to + 70'C 
B Suffix 
- 25'C to + 85'C 
A Suffix 
- 55'C to + 125'C 


Storage 
Temperature 
C Suffix 
-65'C 
to + 125'C 
A & B Suffix 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 Sec.) 
300·C 


Power 
Dissipation" 
28-Pin CERDIP 
Package"" 
1200 mW 
28-Pin Plastic Package""" 
625mW 


•Device mounted with all leads soldered or welded to PC board. 


"Derate 
16 mwrc above 75°C 
"'Derate 
6.3 mVI"C above7S'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 


may 
cause 
permanent 
damage 
to the 
device. 
These 
are 
stress 
ratings 
only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
peri- 


ods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Note 3) 


V+ 
= 
-15V, 
V- 
= 
-15V, 
VEN = 2.4V, GND = OV, TA = 25'C, 
unless 
otherwise 
specified. 


DGS06AA, 
DGS06AB/C, 


Symbol 
Parameter 
Test 
Conditions 
DGS07AA 
DG507AB/C 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
(Note 2) 
(Note 2) 


SWITCH 


VANALOG 
Analog 
Signal 
(Note 6) 
-15 
15 
-15 
15 
V 
Range 


ROS(ON) 
Drain-Source 
ON 
Sequence 
Each 
Is = -200 
p.A, Vo = + 10V 


Resistance 
Switch On 
270 
400 
270 
450 


VAL = 0.8Vand 


.n 


VAH = 2.4V 
Is = -200 
p.A, Vo = -10V 
230 
400 
230 
450 


toROS(ON) Greatest 
Change 
in 
-10V';; 
Vs';; 
+10V 


Drain Source 
ON 
toR 
- ROS(on)max- 
ROS(on)min 
Resistance 
6 
6 
% 


between 
Channels 
OS(on) - 
ROS(on)avg. 


IS(OFF) 
Source 
OFF 
VEN = OV 
Vs = +10V. 
Vo = -10V 
-1 
0.002 
1 
-5 
0.002 
5 


Leakage 
Current 
nA 
Vs = -10V, 
Vo = +10V 
-1 
-0.005 
1 
-5 
-0.005 
5 


10(OFF) 
Drain OFF 
DG506A 
VEN = OV 
Vs = -10V, 
Vo = +10V 
-10 
0.02 
10 
-20 
0.02 
20 
Leakage 
Vs = +10V, 
Vo = -10V 
-10 
-0.03 
10 
-20 
-0.03 
20 
Current 
nA 
DG507A 
Vs = -10V, 
Vo = +10V 
-5 
0.007 
5 
-10 
0.007 
10 


Vs = + 10V, Vo = -10V 
-5 
-0.015 
5 
-10 
-0.Q15 
10 


10(ON) 
Drain ON 
DG506A 
Sequence 
Each 
Vo = VS(ALL) = + 10V 
-10 
0.03 
10 
-20 
0.03 
20 
(Note 5) 
Leakage 
Switch 
On 
Vo = VS(ALL) = -10V 
-10 
-0.06 
10 
-20 
-0.06 
20 
Current 
VAL = 0.8V and 
nA 
DG507A 
VAH = 2.4V 
Vo = VS(ALL) = +10V 
-5 
0.015 
5 
-10 
0.015 
10 


Vo = VS(ALL) = -10V 
-5 
-0.03 
5 
-10 
-0.03 
10 


DG506AA, 
DG506AB/C, 


Symbol 
Parameter 
Test Conditions 
DG507AA 
DG507AB/C 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
(Note 
2) 
(Note 
2) 


INPUT 


IAH 
Address 
Input Current, 
VA = 2.4V 
-10 
-0.002 
-10 
-0.002 
,..A 
Input Voltage 
High 
VA = 15V 
0.006 
10 
0.006 
10 


IAL 
Address 
Input Current 
VEN = 2.4V 
All VA = OV 
-10 
-0.002 
-10 
-0.002 
,..A 
Input Voltage 
Low 
VEN = OV 
-10 
-0.002 
-10 
-0.002 


DYNAMIC 


ttransition 
SWitching Time 
See Figure 3 
0.6 
1 
0.6 
,..s 
of Multiplexer 


lopen 
Break-Before- 
See Figure 5 
0.2 
0.2 
Make Interval 
,..s 


toN (EN) 
Enable Turn-ON 
Time 
See Figure 4 
1 
1.5 
1 
,..s 


tOFF(EN) 
Enable Turn-OFF 
Time 
0.4 
1.0 
0.4 
,..s 


OIRR 
OFF Isolation 
VEN = OV, RL = 1 kn, 
(Note 4) 
CL = 15 pF, Vs = 7 VRMS, 
68 
68 
dB 


f = 500 kHz 


CS(OFF) 
Source 
OFF Capacitance 
Vs = OV 
VEN = OV, 
6 
6 


CD(OFF) 
Drain OFF 
I DG506A 
VD = OV 
f = 140kHz 
45 
45 
pF 


Capacitance 
I DG507 A 
23 
23 


Q 
Charge 
Injection 
See Figure 8 
6 
6 
pC 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = 5.0V 
All VA = OV 
1.3 
2.4 
1.3 
2.4 


1- 
Negative 
Supply Current 
-1.5 
-0.7 
-1.5 
-0.7 
mA 
1+ Standby 
Positive 
Supply Current 
VEN = OV 
1.3 
2.4 
1.3 
2.4 


1- Standby 
Negative 
Supply Current 
-1.5 
-0.7 
-1.5 
-0.7 • 


g ELECTRICAL 
CHARACTERISTICS 
(Continued) 


••••• TA = 
over Operating 
Temperature 
Range, 
V+ 
= 
15V, V- 
= 
-15V, 
GND 
= 
OV, VEN = 
2.4V, unless 
otherwise 
specified. 
C 
U»o 
II'»g 


DG506AA, 
DG506AB/C, 


Test Conditions 
DG507AA 
DG507AB/C 
Units 
Symbol 
Parameter 


Mln 
Typ 
Mln 
Typ 
(Note 
2) Max 
(Note 
2) Max 


SWITCH 


VANALOG 
Analog 
Signal 
(Note 6) 
-15 
15 
-15 
15 
V 
Range 


ROS(ON) 
Drain-Source 
Sequence 
Each 
Is = 
-200 
J.LA,Vo = 
10V 
500 
550 
ON Resistance 
Switch 
On 
n 
VAL = O.BV 
Is = 
-200 
J.LA,Vo = 
-10V 
VAH = 2.4V 
500 
550 


IS(OFF) 
Source 
OFF 
VEN = OV 
Vs = 
+10V, 
Vo = 
-10V 
50 
50 
nA 
Leakage 
Current 
Vs = 
-10V, 
Vo = 
+10V 
-50 
-50 


IO(OFF) 
Drain OFF 
DG506A 
VEN = OV 
Vs= 
-10V,Vo= 
+10V 
300 
300 


Leakage 
Vs= 
+10V,Vo= 
-10V 
-300 
-300 
Current 
nA 
DG507A 
Vs = 
-10V, 
Vo = 
+10V 
200 
200 


Vs = 
+10V, 
Vo = 
-10 
-200 
-200 


IO(ON) 
Drain ON 
DG506A 
Sequence 
Each 
Vo = VS(ALL) = 
+ 10V 
300 
300 
(Note 5) 
Leakage 
Switch 
On 
Vo = VS(ALL) = 
-10V 
-300 
-300 
Current 
VAL = O.BVand 
nA 
DG507A 
VAH = 2.4V 
Vo = VS(ALL) = 
+10V 
200 
200 


Vo = VS(ALL) = 
-10V 
-200 
-200 


INPUT 


IAH 
Address 
Input 
VA = 2.4V 
-30 
-30 


Current, 
Input 
VA = 
15V 
30 
30 
J.LA 


Voltage 
High 


IAL 
Address 
Input 
VEN = 2.4V 
All VA = OV 
-30 
-30 


Current, 
Input 
VEN = OV 
-30 
-30 
J.LA 


Voltage 
Low 


SUPPLY 


1+ 
Positive 
Supply 
VEN = 5.0V 
All VA = OV 
2.4 
2.4 


Current 


1- 
Negative 
Supply 
-1.5 
-1.5 


Current 


1+ Standby 
Positive 
Supply 
VEN = OV 
2.4 
2.4 
mA 


Current 


1- Standby 
Negative 
Supply 
-1.5 
-1.5 


Current 


NOTES 
1: 
Signals 
on 
VS, 
Vo 
or VIN 
exceeding 
V+ 
or V- 
will be 
clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to maximum 
current 
ratings. 


2: Typical values 
are 
for design 
aid 
only, 
not 
guaranteed 
and 
not 
subject 
to production 
testing. 


3: 
The 
algebraic 
convention 
whereby 
the 
most 
negative 
value 
is a minimum, 
and 
the 
most 
positive 
value 
is a maximum, 
is used 
in this 
data 
sheet. 


4: OFF isolation 
~ 20 log IVsltlvol, 
where Vs ~ input to OFF switch, and Vo ~ output due to Vs. 


5: 'OION) is leakage from driver into "ON" 
switch. 


6: 
Parameter 
not 
tested. 
Parameter 
guaranteed 
by design 
or characterization. 
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Figure 2: Pin Configurations 
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LOGIC INPUTS 


The address 
and enable 
inputs 
are fully TILICMOS 
compatible 
over the full supply 
range 
of ± 5V to ± 20V. 


These 
inputs 
are protected 
from 
positive 
and negative 
transients 
by clamping 
diodes. 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
DGS08A/DGS09A 
are CMOS 
monolithic 
8-channel 
and dual 4-channel 
analog 
multiplexers, 
which 
can also be 
used as demultiplexers. 
The DGS08A 
uses 3 address 
inputs 
to control 
its 8 channels, 
and the DGS09A 
uses 2 address 
inputs to control 
its dual 4 channels. 
An enable 
input is pro- 


vided. 
When 
the enable 
input is high, a channel 
is selected 
by the address 
inputs, 
and when 
low, all channels 
are off. 


A channel 
in the ON state conducts 
current 
equally well in 
both directions. 
In the OFF state 
each channel 
blocks 
volt- 
age up to the supply 
rails. The address 
inputs 
and the en- 
able input are TTL and CMOS compatible 
over the full spec- 


ified 
operating 
temperature 
range. 
Both 
DGS08A 
and 
DGS09A 
are available 
in the 
military, 
industrial, 
and 
com- 
mercial 
temperature 
ranges. 


Part Number 
Temp. 
Range 
Package 


DGS08AAK/S09AAK 
-SSoC 
to +12SoC 
16-Pin 
CERDIP 


DGS08ABK/S09ABK 
-250C 
to +8SoC 
16-Pin 
CERDIP 


DGS08ACK/S09ACK 
OOCto+700C 
16-Pin 
CERDIP 


DGS08ACJ/S09ACJ 
OOCto +700C 
16-Pin 
Plastic 
DIP 


DGS08ACY/S09ACY 
OOCto +700C 
16-PinSOIC 


0186-1 


3 Line Binary Address Inputs 
(10 1)andEN ~ 1 
Above 
Example 
Shows 
Chan- 
nel 6 Turned on. 


0186-2 


2 Line Binary Address Inputs 
(00) and EN ~ 1 
Above 
Example Shows Chan- 


nels 18 and lb on. 


DG508A/DG509A 
8-Channel/Dual 
4-Channel 
CMOS Analog Multiplexer 


FEATURES 


• Low 
Power 
Consumption 


• TTL 
and CMOS 
Compatible 
Address 
and 
Enable 
Inputs 


• 44V Maximum 
Power 
Supply 
Rating 


• High 
Latchup 
Immunity 


• Break-Before-Make 
Switching 


• Alternate 
Source 


APPLICATIONS 


• Data 
Acquisition 
Systems 


• Communicat!on 
Systems 


• Signal 
Multiplexing/Demultiplexing 


• Audio 
Signal 
Multiplexing 


DGS08A 
18 Lead 
DIP 


18 Lead 
SOIC 


DGS09A 
18 Lead 
DIP 


18Lead 
SOIC 
.. 
" 
EN 
.42 
eNo 
v. 


" 
11 
56 


S, 


S. 


•• 
EN 
v- 


51. 
• 


S,. 


s'" 
s•• 
0. 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
307100-003 


• 


~ 
,., __ 
......•_~. 
_ 
'W'''''''"W'V'W' 
• 'I"" 
•••.• 
'-"'.wP 


~ 
V+ 
toV- 
.44V 


1ft 
V - to Ground 
- 25V 
g 
VIN to Ground 
(Note 1) 
(V- 
- 
2V), (V+ 
+ 2V) 


Vs or Vo to V+(Note 
1) 
+2, 
(V- 
- 
2V) 


VsorVotoV-(Note1) 
-2, 
(V+ 
+ 2V) 


Current, 
Any Terminal 
except 
S or D 
30 mA 


Continuous 
Current, 
S or D 
20 mA 


Peak Current, 
S or D 
(Pulsed 
at 1 ms, 10% duty cycle max) 
40 mA 


Operating 
Temperature 
C Suffix 
O'C to + 70'C 
B Suffix 
..........•..•..•..•........ 
- 25'C 
to + 85'C 
A Suffix 
....................•..•... 
- 55'C to + 125'C 


Storage 
Temperature 
C Suffix 
-65'C 
to + 125'C 
A & B Suffix 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 see) 
300·C 


Power 
Dissipation' 
CERDIP 
Package" 
gOO mW 
Plastic 
Package'" 
470 mW 


'Device 
mounted 
with all leads 
soldered 
or welded 
to PC board. 


"Derate 
12 mwrc 
above 
75'C 


, "Derate 
6.3 mW rc above 
75'C 


NOTE: Stresses above 
those listed under "Absolute Maximum Ratings" 


may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sech"onsof the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Note 3) 


V+ 
= 15V, V- 
= 
-15V, 
VEN = 2.4V, GND = OV, TA = 25'C, 
unless 
otherwise 
specified. 


DG508AA, 
DG508AB/C, 


Test Conditions 
DG509AA 
DG509AB/C 
Units 
Symbol 
Parameter 


Mln 
Typ 
Max 
Mln 
Typ 


(Note 2) 
(Note 2) Max 


SWITCH 


VANALOG Analog Signal Range 
(Note 6) 
-15 
15 
-15 
15 
V 


ROS(on) 
Drain-Source ON Resistance 
Sequence Each 
Is = -200 
/LA, VA ~ 
+10V 
270 
400 
270 
450 
Switch On 
n 
VAL ~ 0.8Vand 
Is ~ 
-200 
/LA, Va ~ 
-10V 
VAH ~ 2.4V 
230 
400 
230 
450 


foROSlon) Greatest Change in Drain 
-10V 
,;; Vs,;; 
10V 


Source ON Resistance 
foR 
- 
ROS(on)max- 
ROSlon)min 
6 
6 
% 


between Channels 
OS(ON)- 
ROS(on)avg 


ISloH) 
Source OFF Leakage Current 
VEN ~ OV 
Vs = 10V, Va = 
-10V 
0.002 
1 
0.002 
5 
nA 
Vs = 
-10V, 
Va ~ 10V 
-1 
-0.005 
-5 
-0.005 


10(0H) 
Drain OFF Leakage 
DG508A 
VEN = OV 
Vs = -10V, 
Va = 10V 
0.01 
10 
0.01 
20 


Current 
Vs ~ 10V, Va = 
-10V 
-10 
-0.015 
-20 
-0.015 
nA 
DG509A 
Vs = -10V, 
Va ~ 10V 
0.005 
10 
0.005 
20 


Vs = 10V, Va = 
-10V 
-10 
-0.008 
-20 
-0.008 


1010n) 
Drain ON Leakage 
DG508A 
Sequence Each 
Va = VSla1i1= 10V 
0.015 
10 
0.015 
20 


(Note 5) 
Current 
Switch On 
Va = VSCali1= -10V 
-10 
-0.03 
-20 
-0.03 


VAL ~ 0.8V and 
nA 
DG509A 
VAH ~ 2.4V 
Va = VSCal1l= 10V 
0.007 
10 
0.007 
20 


Va = VSCall = -10V 
-10 
-0.015 
-20 
-0.015 


INPUT 


IAH 
Address Input Current, 
VA=2.4V 
-10 
-0.002 
-10 
-0.002 
/LA 
Input Voltage High 
VA = 15V 
0.006 
10 
0.006 
10 
/LA 


IAL 
Address Input Current, 
VEN = 2.4V 
All VA = OV 
-10 
-0.002 
-10 
-0.002 
/LA 
Input Voltage Low 
VEN = OV 
-10 
-0.002 
-10 
-0.002 
/LA 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


V+ 
= 15V, V- 
= 
-15V, 
VEN = 2.4V, GND = OV, TA = 25"C, unless 
otherwise 
specified. 


DGS08AA, 
DGS08AB/C, 


Symbol 
Parameter 
Test Conditions 
DGS09AA 
DGS09AB/C 
Units 


Min 
Typ 
Min 
Typ 
Max 
(Note 
2) 
Max 
(Note 
2) 


DYNAMIC 


ttransition 
Switching 
Time 01 Multiplexer 
See Figure 4 
0.6 
1 
0.6 
1J.s 


lopen 
Break-Before-Make 
Interval 
See Figure 5 
0.2 
0.2 
1J.s 


ton(EN) 
Enable Turn-ON 
Time 
See Figure 6 
1 
1.5 
1 
1J.s 


Ioff(EN) 
Enable Turn-OFF 
Time 
0.4 
1 
0.4 
1J.s 


OIRR 
OFF Isolation 
VEN = OV, 
(Note 4) 
RL = 1 kD.,CL = 15 pF 
68 
68 
dB 
Vs = 7VRMS, 


1 = 500 kHz 


CS(off) 
Source OFF Capacitance 
Vs = OV 
VEN = OV, 
5 
5 


CD(Off) 
Drain OFF Capacitance I DG508A 
VD = OV 
1 = 140kHz 
25 
25 
pF 
I DG509A 
12 
12 


Q 
Charge 
Injection 
See Figure 7 
4 
4 
pC 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = 2.4V 
All VA = OV 
1.3 
2.4 
1.3 
2.4 


1- 
Negative 
Supply Current 
or 2.4V 
-1.5 
-0.7 
-1.5 
-0.7 
mA 
1+ Standby 
Positive 
Supply Current 
VEN = OV 
1.3 
2.4 
1.3 
2.4 


1- Standby 
Negative 
Supply Current 
-1.5 
-0.7 
-1.5 
-0.7 


tICoo 
I/)C ELECTRICAL 
CHARACTERISTICS 
CD 
TA = over operating 
temperature 
range, 
V+ 
= 15V, v- 
o 
I/)g 
DG508AA, 
DG508AB/C, 


DG509AA 
DG509AB/C 
Units 
Symbol 
Parameter 
Test Conditions 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
(Note 2) 
(Note 2) 


SWITCH 


VANALOG 
Analog Signal Range 
(Note 6) 
-15 
15 
-15 
15 
V 


ROS(on) 
Drain-Source 
Sequence Each 
Is ~ 
-200/LA, 
500 
550 
Switch On 
Va = 10V 
!l. 
ON Resistance 
VAL = O.BVand 
Is = -200/LA, 


VAH ~ 2.4V 
500 
500 
Va = -10V 


IS(oft) 
Source OFF 
VEN ~ OV 
Vs = 10V, Va = -10V 
50 
50 
nA 
Leakage Current 
Vs = -10V, 
Vo = 10V 
-50 
-50 


10(0ft) 
Drain OFF 
DG50BA 
VEN = OV 
Vs = -10V, 
Va = 10V 
200 
200 


Leakage 
Vs ~ 10V, Va ~ 
-10V 
-200 
-200 
Current 
nA 
DG509A 
Vs = -10V, 
Va = 10V 
100 
100 


Vs = 10V, Va ~ 
-10V 
-100 
-100 


10(on) 
Drain ON 
DG50BA 
Sequence Each 
Va = VS(all) = 10V 
200 
200 


(Note 5) 
Leakage 
Switch On 
Va = VS(all) = -10V 
-200 
-200 
VAL = O.BVand 
nA 
DG509A 
VAH = 2.4V 
Va = VS(all) ~ 10V 
100 
100 


Va = VS(all) = -10V 
-100 
-100 


INPUT 


IAH 
Address Input Current, 
VA = 2.4V 
-30 
-30 
/LA 
Input Voltage High 
VA = 15V 
30 
30 
/LA 


IAL 
Address Input Current, 
VEN ~ 2.4V 
All VA = OV 
-30 
-30 
/LA 
Input Voltage Low 
VEN = OV 
-30 
-30 
/LA 


SUPPLY 


1+ 
Positive Supply Current 
VEN = 5.0V 
All VA = 0 
2.4 
2.4 


1- 
Negative Supply Current 
-1.5 
-1.5 
mA 
1+ Standby 
Positive Supply Current 
VEN = OV 
2.4 
2.4 


1- Standby 
Negative Supply Current 
-1.5 
-1.5 


NOTE 1: Signals 
on 
Vs, 
Vo. 
or VIN 
exceeding 
V+ 
or V- 
will be 
clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to maximum 
current 
ratings. 


2: 
Typical 
values 
are 
for design 
aid 
only. 
not 
guaranteed 
and 
not 
subject 
to production 
testing. 


3: The algebraic 
convention 
whereby 
the most negative 
value is a minimum, and the most positive value is a maximum, 
is used in this data sheet. 


4: OFF isolation - 20 log IVsl/lvol, whereVs ~ inputto OFFswitch,and Vo ~ outputdueto Vs. 


5: 
10(00) is leakage 
from 
driver 
into 
"ON" 
switch. 


6: 
Parameter 
not 
tested. 
Parameter 
guaranteed 
by design 
or characterization. 


A2 
Al 
Ao 
EN 
ON Switch 


X 
X 
X 
0 
NONE 


0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 


1 
0 
1 
1 
6 
1 
1 
0 
1 
7 


1 
1 
1 
1 
8 


Ao. A,. A2. EN 
Logic "1" 
~ VAH" 
2.4V 
Logic "0" 
~ VAL'; 
0.8V 


LOGIC 
TRIP 
POINT 
REf 


LOGIC 
AX 
INPUT 
or 
EN 
V- 


DECODER 


AX 


Al 
AO 
EN 
ON Switch 


Pair 


X 
X 
0 
NONE 


0 
0 
1 
la,lb 


0 
1 
1 
2a,2b 


1 
0 
1 
3a,3b 
1 
1 
1 
4a,4b 


Ao. A,• EN 
Logic "1" 
~ VAH" 
2.4V 
Logic "0" 
~ VAL'; 
0.8V 


LOGIC INPUTS 


The address 
and enable 
inputs are fUlly TIUCMOS 
com- 
patible 
over the full supply 
range 
of ±5V 
to 
±20V. 


These 
inputs 
are 
protected 
from 
positive 
and 
negative 
transients 
by clamping 
diodes. 
• 
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S.••,O. 


SZb.AHD 
S3b 


DG509A 


SWrTCH 
OUTPUT 
VDb 
r 


35PF 


lOGIC INPUT 
~<20ns 
~<20ns 


SWITCH OUTPUT 
Vo 
TRANSmoN 
nWE 


3V 


SOX 


o 


VS1 
O.8VS1 


+2." V 
+t5V 


EN 
v. 


All 
S AND D. 
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Figure 6: Enable ton and toff Switching Time Test Circuit and Waveforms 
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0186-20 


l1Vo 
is the 
measured 
voltage 
error 
due 
to charge 
injection. 


The 
error 
voltage 
in Coulombs 
is Q = CL 
X 
6 Va. • 


oCc.o 
I/)C SWITCHING 
INFORMATION 
(Continued) 
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GENERAL 
DESCRIPTION 


The 
DG526/DG527 
are CMOS 
monolithic 
16-channel 
and 
dual 
8-channel 
analog 
multiplexers, 
with 
on-chip 
address 
and 
control 
latches 
to 
simplify 
design 
in microprocessor 
based 
applications. 
The 
DG526 
uses 
4 address 
inputs 
to 
control 
its 16 channels 
and the DG527 
uses 3 address 
in- 


puts 
to control 
its 8 pairs 
of channels. 
The 
enable 
pin is 
used to enable 
the address 
latches 
during 
the WR pulse. 
It 
can be hard wired to the logic supply 
if one of the channels 
will always 
be used (except 
during 
a reset) 
or it can be tied 
to address 
decoding 
circuitry 
for 
memory 
mapped 
opera- 
tion. The RS pin is used to clear all latches 
r~dless 
of the 
state of any other 
latch or control 
line. The WR pin is used 
to transfer 
the 
state 
of the 
address 
control 
lines 
to their 
latches, 
except 
during 
a reset or when 
EN is low. 


A channel 
in the ON state 
conducts 
current 
equally 
well in 
both directions. 
In the OFF state each channel 
blocks 
volt- 


age up to the supply 
rails. The address 
inputs, WR, RS and 
the 
enable 
input 
are TIL 
and CMOS 
compatible 
over 
the 
full specified 
operation 
temperature 
range. 
Both DG526 
and 
DG527 
are available 
in the military, 
industrial, 
and commer- 


cial temperature 
ranges. 


DG526 
16 Channel 
Single 
Ended 
Multiplexer 


LatcnaDle 
MUltipleXerS 
~ 
ell 
II)g 
• Direct 
RESET 


• TIL 
and CMOS Compatible 
Address 
and Enable 
Inputs 


• 44V Maximum 
Power 
Supply 
Rating 


• Break·Before·Make 
SWitching 


• Alternate 
Source 


APPLICATIONS 


• Data Acquisition 
Systems 


• Communication 
Systems 


• Automatic 
Test 
Equipment 


• Microprocessor 
Controlled 
System 


Part Number 
Temperature 
Package 
Range 


DG526AK/527 
AK 
- 55'C to + 125'C 
28-Pin CERDIP 


DG526BK/527BK 
- 25'C to + 85'C 
28-Pin CERDIP 


DG526CK/527CK 
O'Cto 
+70'C 
28-Pin CERDIP 


DG526CJ/527CJ 
O'Cto 
+70'C 
28-Pin Plastic 
DIP 


DG527 
Differential 
8 Channel 
Multiplexer 
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HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES. 
EXPRESS. 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABIliTY 
AND FITNESS 
FOR A PAATICULAR 
USE. 


• 


is 
ABSOLUTE 
MAXIMUM 
RATINGS 
...•. 


: 
v+ 
toV- 
44V 


II) 
V - to Ground 
- 2SV 
g 
VIN to Ground 
(Note 1) 
V- 
- 
2V), (V+ 
+ 2V) 


Vs orVD 
to V+ 
(Note 
1) 
+2, 
(V- 
- 
2V) 


VsorVDtoV- 
(Note 1) 
-2,(V+ 
+ 2V) 


Current, 
any Terminal 
except 
S or 0 
30 mA 


Continuous 
Current, 
S or 0 
20 mA 


Peak Current, 
S or 0 (Pulsed 
at 1 ms, 


10% Duty Cycle Max) 
40 mA 


Operating 
Temperature 
C Suffix 
O"C to + 70·C 
B Suffix 
- 2S·C to + 8S·C 
A Suffix 
- SS·C to + 12S·C 


Storage 
Temperature 
C Suffix 
-6S·C 
to + 12S·C 
A & B Suffix 
-6S·C 
to + lS0·C 


Lead Temperature 
(Soldering, 
10 See) 
300·C 


Power 
Dissipation' 


28 Pin-CERDIP 
Package" 
1200 mW 


28 Pin-Plastic 
Package'" 
62S mW 


•Device mounted with all leads soldered or welded to PC board. 


"Oerate 
16 mwrc above + 75·C. 


"'Derate 
8.3 mwrc above 
+7S·C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational 
sections 
ol/he 
specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
fsting 
conditions 
for extended 
peri- 


ods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Note 3) 
V+ 
= 
lSV, 
V- 
= 
-lSV, 
GND 
= 
OV, WR 
= 
OV, RS = 
2.4V, EN = 
2.4V, TA = 
2S·C, unless 
otherwise 
specified 


DG526, DG527 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


(Note 
2) 


SWITCH 


VANALOG 
AnaLog Signal Range 
(Note 7) 
-lS 
lS 
V 


RDS(ON) 
Drain-Source 
Sequence 
Each 
Is = 
- 200 fLA, 
270 
400 
ON Resistance 
Switch 
On 
VD = 
+10V 
n 
VAL = 0.8Vand 
Is = 
- 200 fLA, 


VAH = 2.4V 
VD = 
-10V 
230 
400 


~RDS(ON) 
Greatest 
Change 
in Drain 
-10V';; 
Vs';; 
+10V 


Source 
ON Resistance 
~R 
- 
RDS(onlmax - 
RDS(onlmin 
6 
% 


between 
Channels 
DS(on) - 
RDS(onlavg. 


IS(OFF) 
Source 
OFF Leakage 
VEN = OV 
Vs= 
+10V, 
-1 
0.02 
1 
Current 
VD = 
-10V 
nA 
Vs = 
-10V, 
-1 
0.02 
1 
VD = 
+10V 


ID(OFF) 
Drain OFF Leakage 
DGS26 
VEN = OV 
Vs= 
-10V, 
-10 
0.2 
10 
Current 
VD = 
+10V 


Vs= 
+10V, 
-10 
0.2 
10 
VD = 
-10V 
nA 
DGS27 
Vs= 
-10V, 
-S 
0.2 
S 
VD = 
+10V 


Vs= 
+10V 
-S 
0.2 
S 
VD = 
-10V 


ID(ON) 
Drain ON Leakage 
DGS26 
Sequence 
Each 
VD = VS(ALL) = 
+ 
10V 
-10 
0.2 
10 
(NoteS) 
Current 
Switch On 
VD = VS(ALL) = 
-10V 
-10 
0.2 
10 
VAL = 0.8V 
nA 
DGS27 
and 
VD = VS(ALL) = 
+ 10V 
-S 
0.2 
S 


VAH = 2.4V 
VD = VS(ALL) = 
-10V 
-S 
0.2 
S 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
TA = 25°C, V+ 
= 15V, V- 
= 
-15V, 
GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, unless 
otherwise 
specilied 


DG526, 
DG527 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


(Note 
2) 


INPUT 


IAH 
Address 
Input Current, 
VA = 2.4V 
-10 
0.02 
p.A 


Input Voltage 
High 
VA = 15V 
0.02 
10 
p.A 


IAL 
Address 
Input Current, 
VEN = 2.4V 
All VA = OV 
-10 
0.01 
p.A 


Input Voltage 
Low 
VEN = OV 
RS = OV, WR = OV 
-10 
0.01 
p.A 


DYNAMIC 


ttransition 
Switching 
Time 01 Multiplexer 
See Figure 6 
0.65 
1 
p's 


lopen 
Break-Belore-Make 
Interval 
See Figure 7 
0.2 
p's 


ton (EN, WR) 
Enable and Write Turn-ON 
Time 
See Figures 4 and 9 (Note 7) 
0.7 
1.5 
p's 


toft (EN, RS) 
Enable and Reset 
See Figures 5 and 10 (Note 7) 
0.4 
1 
Turn-OFF 
Time 
p.s 


OIRR 
OFF Isolation 
VEN = OV, R = 1 kn, 


(Note 4) 
CL = 15pF, 
Vs = 7VRMS, 
55 
dB 


1 = 500 kHz 


Cin 
Logic Input Capacitance 
1 = 1 MHz 
6 
pF 


CS(off) 
Source 
OFF Capacitance 
Vs = OV 
VEN = OV,I = 140 kHz 
10 


CD(off) 
Drain OFF Capacitance 
I DG526 
VD = OV 
65 
pF 
I DG527 
35 


Q 
Charge 
Injection 
See Figure 11 
6 
pC 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = OV 
All VA = OV 
2.0 
3.0 
mA 
1- 
Negative 
Supply Current 
-2.0 
-1.2 
• 


,.. 
ell 
II) 
g 
ELECTRICAL 
CHARACTERISTICS 
(Continued) 
U) 
TA = over operating 
temperature 
range, 
V+ 
= 15V, V- 
= 
-15V, 
GND = OV, WR = OV, RS = 2.4V, 
EN 
:: 
otherwise 
specified 
g 
DG526, 
DG527 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


(Note 2) 


SWITCH 


VANALOG 
Analog 
Signal Range 
(Note 7) 
-15 
15 
V 


.:I.ROS(on) 
Greatest 
Change 
in 
-10V"; 
VS;;' 
+10V 


Drain Source 
ON 
6 
% 


Resistance 
between 
Channels 


ROS(on) 
Drain-Source 
Sequence 
Each 
Is = -200 
J-LA,Vo = 10V 
500 
ON Resistance 
Switch On 


VAL = 0.8V 
n 


VAH = 2.4V 
Is = -200 
J-LA,Vo = -10V 
500 


IS(Off) 
Source 
OFF 
VEN = OV 
Vs = +10V, 
Vo = -10V 
-50 
50 
nA 
Leakage 
Current 
Vs = -10V, 
Vo = +10V 
-50 
50 


IO(off) 
Drain OFF 
DG526 
VEN = OV 
Vs = -10V, 
Vo = +10V 
-300 
300 


Leakage 
Current 
Vs = +10V, 
Vo = -10V 
-300 
300 
nA 
DG527 
Vs = -10V, 
Vo = +10V 
-200 
200 


Vs = +10V, 
Vo = -10V 
-200 
200 


IO(ON) 
Drain ON Leakage 
DG526 
Sequence 
Each 
Vo = VS(ALL) 
-300 
300 
(Note 5) 
Current 
Switch 
On 
= +10V 


VAL = 0.8Vand 
Vo = VS(ALL) 
VAH = 2.4V 
= -10V 
-300 
300 


nA 
DG527 
Vo = VS(ALL) 
-200 
200 
= +10V 


Vo = VS(ALL) 
-200 
200 
= -10V 


INPUT 


IAH 
Address 
Input Current 
VA = 2.4V 
-30 
J-LA 
Input Voltage 
High 
VA = 15V 
30 
J-LA 


IAL 
Address 
Input Current, 
VEN = 2.4V 
All VA = OV 
-10 
J-LA 
Input Voltage 
Low 
VEN = OV 
RS = OV, WR = OV 
-10 
J-LA 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = OV,AIIVA 
= OV 
4.5 
mA 
1- 
Negative 
Supply Current 
-3.2 


NOTE 1. Stgnals on Vs. Vo or VIN exceeding V+ 
or V- 
will be clamped by internal diodes. Limit diode forward current to maximum current rating. 


2. Typical values are for design aid only, not guaranteed 
and not subject to production testing. 


3. The algebraic 
convention 
whereby 
the most negative 
value is a minimum, and the most positive value is a maximum, 
is used in this data sheet. 


4. OFF isolation ~ 20 log IVsl/lvol, whereVs ~ inputto OFF switch,and Vo ~ outputdueto vs. 


5. 10(00) is leakage from driver into "ON" switch. 


6. Period of Reset (RS) pulse must be at least 50 JLs during or after power ON. 


7. Parameter not tested. Parameter guaranteed by design or characterization. 


DG526 
28 Lead 
DIP 
28 Lead 
SOIC 


DG527 
28 Lead 
DIP 


28 Lead 
SOIC 


v. 
0. 
•• 
v- 


iiS 
s" 
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S", 
So. 
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S. 
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Figure 2: Pin Configurations 


Truth Tables 


DG527 


A3 
A2 
Al 
Ao 
EN 
WR 
RS 
ON Switch 


X 
X 
X 
X 
x 
...r 
1 
Maintains 
Previous 


Switch 
State 


X 
X 
X 
X 
X 
X 
0 
None 
(Latches 


Cleared) 


X 
X 
X 
X 
0 
0 
1 
None 
0 
0 
0 
0 
1 
0 
1 
1 


0 
0 
0 
1 
1 
0 
1 
2 


0 
0 
1 
0 
1 
0 
1 
3 
0 
0 
1 
1 
1 
0 
1 
4 


0 
1 
0 
0 
1 
0 
1 
5 
0 
1 
0 
1 
1 
0 
1 
6 
0 
1 
1 
0 
1 
0 
1 
7 
0 
1 
1 
1 
1 
0 
1 
8 
1 
0 
0 
0 
1 
0 
1 
9 
1 
0 
0 
1 
1 
0 
1 
10 
1 
0 
1 
0 
1 
0 
1 
11 


1 
0 
1 
1 
1 
0 
1 
12 


1 
1 
0 
0 
1 
0 
1 
13 
1 
1 
0 
1 
1 
0 
1 
14 


1 
1 
1 
0 
1 
0 
1 
15 
1 
1 
1 
1 
1 
0 
1 
16 


A2 
Al 
Ao 
EN 
WR 
RS 
ON Switch 


X 
X 
X 
X 
...r 
1 
Maintains 
Prevtous 


Switch 
State 


X 
X 
X 
X 
X 
0 
None 
(Latches 


Cleared) 


X 
X 
X 
0 
0 
1 
None 


0 
0 
0 
1 
0 
1 
1 


0 
0 
1 
1 
0 
1 
2 


0 
1 
0 
1 
0 
1 
3 


0 
1 
1 
1 
0 
1 
4 


1 
0 
0 
1 
0 
1 
5 


1 
0 
1 
1 
0 
1 
6 


1 
1 
0 
1 
0 
1 
7 


1 
1 
1 
1 
0 
1 
8 


Transparent 


Operation 


Parameter 
Measured 
Min Limits 
Over 
Unit 
Test 
Terminal 
Full Temp 
Range 
Circuit 


tww WRITE 
Pulse Width 
WR 
300 


tDW A,EN Data Valid to WRITE 
Ao, AI. A2' (A3), EN, WR 
180 
See Figure 4 
ns 
tWD A,EN Data Valid after WRITE 
Ao, AI, A2' (A3), EN, WR 
30 


IRS RESET Pulse Width 
RS 
500 
See Figure 5 


Vs = 5V 
• 


lOGIC 
TRIP 
POINT 
REF 


Ax, 
EN, 


RS. Wii 


V- 


0435-21 
Figure 3: Schematic Diagrams 


_3V~ 
WR 
1.5V 


1,<20 ns 
0 
t..w 


It<20ns 
~,wo 
Ao.A,.(Az) 
3V---_ 
2.0V 
• 


EN 
0----"". 
O.8V 


lOGIC INPUT 
3V 
tr<20ns 
50X 


,,<20ns 
0 


V51 
O.8VS, 


O.8VSS 
Vss 


transition 


S' 
ON 


_3V~ 
RS 
1.5V 
',<20 
ns 
0 
_ 


It<20 ns V 
RS'off (iiS) ~ 


SWITCH 
0 
O.8VO 
OUTPUT 
OV 


+2.04 V 
+15V 


EN 
V+ 
S, 


RS 


Ao 
52 
TMRU S1S 


DG526 
A, 
S" 
AZ 
SWITCH 
OUTPUT 
A3 
Vo 


51. 
thru 


S600. 


SZb and 
S1b 


SWITCH 
OUTPUT 
VDb 


LOGIC INPUT 
,. 
tr<20ns 
50'; 
It < 20 n. 
OV 


SWITCH OUTPUT 
Vs 


VD 
80'; 


OV 
ALL SAND 
D. 


OG526 
OG527 


SWITCH 
OUTPUT 
VD· 


r 


35pr 


2.H 
,,5V 
EN 
tr< 
20ns 
It< 
20n. 
V. 
EN 
5, 


SWITCH OUTPUT 
VD 
52 
DG526 
THRU 
0.9Vo 
Ao 
5'6 
Vo 
A, 
-= 
Vs 
A2 
SWITCH 
0435-12 
A3 
OUTPUT 


EN 
VIlt> 


50 
'Kll r 


35pr 
II 
- - 
-= 
-= 
0435-13 


2.H 
.1SV 


EN 
5,. 
-5V • 
5,. 
THRU 5•• } 
D•• 


52. THRU 58. 


Ao 
DG527 


A, 
SWITCH 
A2 
OUTPUT 


EN 
VIlt> 


50 
II 
- - 
0435-14 


_ 


3VC- 
WR 
1.5V 
50~ 
1,<20n. 
OV 
It<20 n. 


SWITCH 
Ion (ViR):k:: 
OUTPUT 
Vo 
OV 
0.2VO 


0435-15 


Device must be reset prior to applying WR pulse 


V+ 
EN 
5, OR 


S'b 
+5V 


Ao·A,. 
REMAINING 
A2·(A3) 
SWITCHES 


DG526 


RS 
DG527 


ViR 
°b(O) 
GNO 
V- 


LOGIC 
lK 
INPUT 


_3V~ 
RS 
1.5V 
50~ 
1,<20 n. OV 
It<20 n. 
IOff(RS)~ 
SWITCH 
0.8Vo 
OUTPUT 
Vo 


V+ 
S,OR 
S,b 


REMAINING 
SWITCHES 


SWITCH 
OUTPUT 
Vo 
r 


35Pf 


SWITCH 
OUTPUT 
Vo 
r 


35Pf 


+15V 


V+ 


Ao·A1• 
RS 
2.4V 


(A2l 
DG526 
DG527 
RS 
Sx 
0 
Vo 


EN 
I CL = 1000pF 


Vs 
GND 
WR 
v- 
I 


EN 


Ii.Vo 
is the measured voltage error due to 
charge injection. The error voltage in Cou~ 
lombs is Q = CL X I:J.Vo. 


Logic Inputs 


The 
address. 
enable 
WR and 
RS inputs 
are fully TIll 
CMOS 
compatible 
over 
the full supply 
range of ± 5V to 
±20V. 


These inputs are protected 
from positive and negative tran- 
sients by clamping diodes. 
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HARRIS 
SEMICONDUCTOR 


GENERAL DESCRIPTION 


The DG528/DG529 
are CMOS 
monolithic 
8-channel 
and 
dual 4-channel 
latchable 
analog 
multiplexers, 
with 
on-chip 
address 
and control 
latches 
to simplify 
design 
in microproc- 
essor 
based 
applications. 
The 
DG528 
uses 
3 address 
in- 


puts to control 
its 8 channels 
and the 
DG529 
uses 
2 ad- 
dress inputs to control 
its dual 4 channels. 
The enable 
pin is 
used to enable 
the address 
latches 
during the WR pulse. 
It 
can be hard-wired 
to the logic supply 
if one of the channels 
will always 
be used (except 
during 
a reset) 
or it can be tied 
to address 
decoding 
circuitry 
for 
memory 
mapped 
opera- 
tion. The RS pin is used to clear all latches 
r~dless 
of the 


state 
of any other 
latch or control 
line. The WR pin is used 
to transfer 
the 
state 
of the 
address 
control 
lines 
to their 
latches, 
except 
during 
a reset or when 
EN is low. 


A channel 
in the ON state conducts 
current 
equally well in 
both directions. 
In the OFF state each channel 
blocks 
volt- 
age up to the supply 
rails. The address 
inputs 
and the en- 
able input are TTL and CMOS compatible 
over the full spec- 
ified operating 
temperature 
range. 
Both DG528 
and DG529 
are available 
in the military, 
industrial, 
and commercial 
tem- 
perature 
ranges. 


DG528/DG529 
8-Channel/Dual 
4-Channel 
Latchable 
Multiplexers 


FEATURES 
• Low Power Consumption 
• TTL and CMOS Compatible Inputs 
• 44V Maximum Power Supply Rating 
• High Latchup Immunity 
• Break-Before-Make Switching 
• Alternate Source 


• Data Acquisition Systems 
• Communications Systems 
• Automatic Test Equipment 
• Microprocessor Controlled System 


Part Number 
Temp. Range 
Package 


DG528AK/529AK 
-550C 
to +1250C 
18-Pin 
CERDIP 


DG528BK/529BK 
-250C 
to +850C 
18-Pin 
CERDIP 


DG528CK/529CK 
OOCto+700C 
18-Pin 
CERDIP 


DG528CJ/529CJ 
OOCto +700C 
18-Pin 
Plastic 
DIP 


DG528CY/529CY 
OOCto +700C 
18-PinSOIC 


DG528 
18 Lead DIP 
18 LeadSOIC 
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DG528 
8-Channel Single-Ended 
Multiplexer with Latches 
DG529 
Dual 4-Channel Multiplexer 
with Latches 


Figure 1: Functional Diagrams 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHAll 
BE IN UEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY. 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


Gl 
C\l 
."e ABSOLUTE 
MAXIMUM 
RATINGS 


:: 
V+ 
to v- 
.44V 


." 
V - 
to Ground 
- 25V 
g 
VIN to Ground 
(Note 1) 
(V- 
- 
2V). (V+ 
+ 2V) 


Vs orVo 
to V+ 
(Note 
1) 
+2. 
(V- 
- 
2V) 


VsorVotoV- 
(Note 1) 
-2.(V+ 
+ 2V) 


Current, 
Any Terminal 
except 
S or D 
30 mA 


Continuous 
Current. 
S or D 
20 mA 


Peak Current. 
S or D 
(Pulsed 
at 1 ms. 10% duty cycle max) 
.40 mA 


Operating 
Temperature 
C Suffix 
O·C to + 70·C 
B Suffix 
- 2S·C to + 85·C 
A Suffix 
- 55·C to + 125·C 


Storage 
Temperature 
C Suffix 
-6S·C 
to + 125·C 
A & B Suffix 
- 65·C to + 150·C 


Lead Temperature 
(Soldering. 
10 sec.) 
300·C 


Power 
Dissipation" 
CERDIP 
Package"" 
900 mW 
Plastic 
Package""" 
470mW 


"Device 
mounted 
with all leads 
soldered 
or welded 
to PC board 


""Derate 
12 mwrc above 
7S·C 


"""Derate 
6.3 mwrc above 
7S·C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and func/ional opera/ion of the device at these or any other conditions 


above 
those 
indicated 
in the 
operational 
sections 
of the 
specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
pen'- 
ods may affect 
device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Note 3) 
V + 
= 
15V. V - 
= 
-1SV. 
GND 
= 
OV. WR 
= 
OV. RS = 
2.4V. EN = 
2.4V. TA = 
25·C unless 
otherwise 
specified. 


DG528A, 
DG528B/C, 


Symbol 
Parameter 
Test Conditions 
DG529A 
DG529B/C 
Units 
(Note 6) 
Min 
Typ 
Min 
Typ 
(Note 
2) Max 
(Note 2) Max 


SWITCH 


VANALOG Analog 
Signal Range 
(Note 7) 
-1S 
15 
-15 
15 
V 


ROS(on) 
Drain-Source 
ON 
Vo = 
± 10V, VAL = 0.8V. 


Resistance 
VAH = 2.4V.ls 
= 
-200 
!LA 
270 
400 
270 
450 
n 


Sequence 
Each Switch 
ON 


AROS(on) 
Greatest 
Change 
in 
-10V,;; 
Vs';; 
10V 


Drain Source 
ON 
AR 
- 
ROS(on)max - 
ROS(on)min 
6 
6 
% 
Resistance 
between 


Channels 
OS(on) - 
ROS(on)avg. 


IS(off) 
Source 
OFF 
VEN = OV 
Vs= 
±10V.Vo= 
'f10V 
-1 
-0.005 
1 
-5 
-0.005 
Leakage 
Current 
S 


10(011) 
Drain OFF 
DG528 
VEN = OV 
Vs = l' 10V. Vo = 
±10V 
-10 
-0.015 
10 
-20 
0.015 
20 
Leakage 
Current - 
DG529 
Vs = l' 10V, Vo = 
±10V 
-10 
-0.008 
10 
-20 
-0.008 
20 
nA 
10(on) 
Drain ON 
DG528 
Sequence 
Each 
VS(all) = Vo = 
±10V 
-10 
-0.03 
(NoteS) 
Switch On 
10 
-20 
-0.03 
20 


Leakage 
Current - 
VAL = 0.8V, 
DG529 
VAH = 2.4V 
VS(all) = Vo = 
±10V 
-10 
-0.015 
10 
-20 
-0.015 
20 


INPUT 


IAH 
Address 
Input Current. 
VA = 2.4V 
-10 
-0.002 
-10 
-0.002 
!LA 
Input Voltage 
High 
VA = 
1SV 
0.006 
10 
0.006 
10 
!LA 


IAL 
Address 
Input Current. 
VEN = 2.4V 
VA(all) = OV 
-10 
-0.002 
-10 
-0.002 
!LA 
Input Voltage 
Low 
VEN = OV 
RS = OV. WR = OV 
-10 
-0.002 
-10 
-0.002 
!LA 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
V + = 15V, V - 
= 
-15V, 
GND = OV, WR = OV, RS = 204V, EN = 204V, TA = 25'C 
unless 
otherwise 
specilied. 


DG528A, 
DG528B/C, 


Test Conditions 
DG529A 
DG529B/C 
Units 
Symbol 
Parameter 
(Note 
6) 
Min 
Typ 
Max 
Min 
Typ 


(Note 2) 
(Note 2) Max 


DYNAMIC 


ttransition 
Switching 
Time 
See Figure 6 
0.6 
1 
0.6 
!'-S 
01 Multiplexer 


topen 
Break-Belore-Make 
See Figure 7 
0.2 
0.2 
Interval 
!'-S 


ton(EN, WA) Enable and Write 
See Figures 8 and 9 (Note 7) 
1 
1.5 
1 
Turn-ON 
Time 
!'-S 


Ieff(EN, AS) 
Enable and Reset 
See Figures 8 and 9 (Note 7) 
004 
1 
0.4 


Turn-OFF 
Time 
!'-S 


OIRR 
OFF Isolation 
VEN = OV, RL = 1 k.o., CL = 15 pF 
68 
68 
dB 
(Note 4) 
Vs = 7 VRMS, 1 = 500 kHz 


CIN 
Logic Input Capacitance 
1 = 1 MHz 
2.5 
2.5 
pF 


CS(off) 
Source 
OFF Capacitance 
Vs = OV 
VEN = OV,I = 140 kHz 
5 
5 


CO(off) 
Drain OFF 
~ 


Vo = OV 
25 
25 
pF 


Capacitance 
DG529 
12 
12 


Q 
Charge 
Injection 
See Figure 11 
4 
4 
pC 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = OV, VA(all) = OV 
2.5 
2.5 
mA 
1- 
Negative 
Supply Current 
-1.5 
-1.5 


ELECTRICAL 
CHARACTERISTICS 
TA = over operating 
temperature 
range, V + = 15V, V - 
= -15V, 
GND 


= OV, WR = OV, RS = 204V, EN = 204V unless otherwise 
specilied. 


DG528A, 
DG528B/C, 


Symbol 
Parameter 
Test Conditions 
DG529A 
DG529B/C 
Units 
(Note 
6) 
Min 
Typ 
Min 
Typ 
(Note 
2) Max 
(Note 
2) Max 


SWITCH 


VANALOG Analog 
Signal Range 
(Note 7) 
-15 
15 
-15 
15 
V 


ROS(on) 
Drain-Source 
ON 
Vo = ±10V, 
VAL = 0.8V, 


Resistance 
VAH = 2.4V, Is = -200!'-A 
500 
500 
.0. 


Sequence 
Each Switch ON 


IS(off) 
Source 
OFF 
VEN = OV 
Vs = 
± 10V, Vo = 'f 10V 
-50 
Leakage 
Current 
50 
-50 
50 


10(0ff) 
Drain OFF 
DG528 
VEN = OV 
Vs = 'f 10V, Vo = 
±10V 
-200 
200 
-200 
200 
Leakage 
Current I--- 


DG529 
Vs = 'f 10V, Vo = 
±10V 
-100 
100 
-100 
100 
nA 
10(on) 
Drain ON 
DG528 
Sequence 
Each 
(Note 5) 
Switch 
On 
VS(all) = Vo = +10V 
-200 
200 
-200 
200 


Leakage 
Current 
I--- 


VAL = 0.8V, 
DG529 
VAH = 2.4V 
VS(all) = Vo = -10V 
-100 
100 
-100 
100 
• 


...•..•• 
•••• 
_,..,._ 
"' •• ,.., •• ,..,'" 
••••• I •..., I IV,,", 
\VUllllflUt:lU} 


(II) 
TA = over operating 
temperature 
range, 
V + = 
15V, V - 
= 
-15V, 
GND 
: 
otherwise 
specified. 


" 
CI 
DG528A, 
DG528B/C, 


Symbol 
Parameter 
Test 
Conditions 
DG529A 
DG529B/C 
Units 
(Note 
6) 
Min 
Typ 
Max 
Min 
Typ 
(Note 
2) 
(Note 
2) 
Max 


INPUT 


IAH 
Address 
Input Current, 
VA = 2.4V 
-30 
-30 
!LA 
Input Voltage 
High 
VA = 15V 
30 
30 
!LA 


IAL 
Address 
Input Current, 
VEN = 2.4V IVA(all) = OV 
-30 
-30 
!LA 
Input Voltage 
Low 
VEN = OV 
IRS = OV, WR = OV 
-30 
-30 
!LA 


SUPPLY 


1+ 
Positive 
Supply Current 
VEN = OV, VA(all) = OV 
2.5 
2.5 
mA 


1- 
Negative 
Supply Current 
-1.5 
-1.5 


NOTES 1: Signals on VS, VD, or VIN exceeding V+ 
or V- 
will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet 


4: OFF isolation ~ 20 log :~~:. where Vs ~ input to OFF switch. and Vo ~ output due to Vs. 


5: ID(oo)is leakage from driver into "ON" switch. 


6: Period of Reset (AS) pulse must be at teast 50 J.&.sduring or after power ON. 


7: Parameter not tested. Parameter guaranteed by design or characterization. 


A2 
A1 
Ao EN 
WR 
RS 
On Switch 


X 
X 
X 
X 
-.f 
1 
Maintains 
previous 


switch condition 


X 
X 
X 
X 
X 
0 
NONE 
(latches 
cleared) 


X 
X 
X 
0 
0 
1 
NONE 
0 
0 
0 
1 
0 
1 
1 
0 
0 
1 
1 
0 
1 
2 
0 
1 
0 
1 
0 
1 
3 
0 
1 
1 
1 
0 
1 
4 


1 
0 
0 
1 
0 
1 
5 
1 
0 
1 
1 
0 
1 
6 
1 
1 
0 
1 
0 
1 
7 
1 
1 
1 
1 
0 
1 
8 


A1 
Ao 
EN 
WR 
RS 
On Switch 


X 
X 
X 
-.f 
1 
Maintains 
previous 
switch condition 


X 
X 
X 
X 
0 
NONE 
(latches 
cleared) 


X 
X 
0 
0 
1 
NONE 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
2 
1 
0 
1 
0 
1 
3 
1 
1 
1 
0 
1 
4 


Logic "1 ": VAH :2:2.4V 


Logic "0": VAL'; 
O.BV 


GND 


Ax, EN, 
RS,WR 


V+ 


V+ 


s, 


",,' 


TO 
,.' 


DECODER 
iiS' 


Wir 


Logic 
Interface 
and 
Level 
Shifter 


Figure 
3: Schematic 
Diagrams 


Minimum 
Input 
Timing 
Requirements 


Symbol 
Parameter 
Measured 
Terminal 
Min. Limits 
over 
Units 
Test 
Circuit 
Full Temp. 
Range 


tww 
WRITE 
Pulse Width 
WR 
300 


tDW 
A, EN Data Valid to WRITE 
Ao, AT, (A2), EN, WR 
180 
(Stabilization 
Time) 
ns 
See Figure 4 


tWD 
A, EN Data Valid after WRITE 
Ao, AT, (A2), EN, WR 
30 
(Hold Time) 


IRs 
RESET Pulse Width 
RS 
500 
See Figure 5 


(Note 6) 
Vs = 5V 


_3V~ 
_3V~ 
WR 
1.5V 
RS 
0 
1.5V_ 
o 
••• 
RS 
_ 


3V 
~ 
V 
t.ff(RS)~ 
"o,A,,(A2) 
2.0V 
SWITCH 
0 
o:svo 


EN 
0 
0.8V 
0185-5 
OUTPUT 
OV 
0185-6 


Figure 
4: WR Timing 
Waveforms 
Figure 
5: RS Timing 
Waveforms • 


o 
N 
10 
g SWITCHING 
INFORMATION 
•... 
CD 
N 
10g 


LOGIC INPUT 
3V 


'.<20ns 
50% 


It<20ns 
a 


Vs, 


O.BVS' 


O.B VS8 


VS8 


transltJon 


S' ON 


LOGIC INPUT 
3V 
1,<20ns 
50% 
1,<20n$ 
0 


SWITCH OUTPUT 
VS 
VA 
BO% 


OV 


(b) 


Figure 6: ttransitlonSwitching Time Test Circuit and Waveforms 


All S ANDOil 


DG528 


DG529 


SWITCH 
OUTPUT 


Vo 
I 


35pr 


SWITCH 
OUTPUT 


VIlb 
I 


35P 


' 


SWITCH 


OUTPUT 


VD 
I 


35P 


F" 


.... 
G) 


2.4V 
+15V 
(II 
10 
CIa 


EN 
51 


52 


Ao 
DC528 
THRU 
58 
- 


Al 


SWITCH 
A2 
OUTPUT 


EN 
50 
VA 


A 
IKA 1 


35PF 
- - - 
- 
- - 


0185-13 


(a) 


2.4V 
+15V 


EN 
SIb 


St8 THRU 


S•••• De. 


S2b' S3b' S••• 


DC529 


Ao 


SWITCH 
Al 
OUTPUT 


EN 
50 
VQb 


A 
IKA I 


35PF 
- - - 


0185-14 


(b) 


EN 


tr<20ns 
tf<20ns 


• 


_3V~ 
WR 
1.5V 
50:1; 


OV 


l,<2ons 


l,<2ons 
l"'(WR)~ 


5WITCH 
OUTPUT 
0.2VD 
Vo 
OV ------- 


0185-15 


Device must be reset prior to applying WR pulse. 


SWITCH 
OUTPUT 


Vo 


RSl.~~~O' 
OV 


tr<20ns 
't;;;;: 
~(RS)~O.I!lVO 


OUTPUT 
Vo 


V+ 
5, 
OR 


SIb 


REWAINING 
SWITCHES 
Ao,A,.(A2) 


DGS28 


DGS29 


I Ct.:'OOOpf 


SWITCH 


OUTPUT 


Vo 


<00 


380 


360 


340 


320 


300 


280 


260 


240 
S 
220 


z 
200 
i 
180 


160 


140 


120 


100 


80 


60 


40 


20 


550 


525 


500 


<75 


"50 


'25 


<00 


375 


350 


325 
" 
300 
e 
275 
~ 
250 


225 


200 


175 


150 


125 


100 


75 


50 


25 


I 
I I 


I 
I I 


1o=-200jUl 
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OJVOj07t 
IV-j-7jV 
- 


I I I I 
o 
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-4 
-3 
-2 
-1 
0 
1 
2 
3 
.• 
5 
6 
7 
8 
9 
10 
11 12 13 14 15 


VtN ANALOG 
SIGNAL VOLTAGE (V) 
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m HARRIS 


Features 


• Signal Range 
±15V 
• "ON" Resistance (Typ.) 
2500 
• Input Leakage (Max) .......................•....•...•...............5OnA 
• Access Time (Typ.) 
350ns 
• Power Consumption 
(Typ.) 
5mW 
• DTLlTTL 
Compatible 
Address 
• -550C to +1250C Operation 
Description 


The HI-1818A/1828A 
are monolithic 
high 
performance 
CMOS 
analog 
multiplexers 
offering 
built-in 
channel 
selection 
decoding 
plus 
an inhibit 
(enable) 
input 
for 
disabling 
all channels. 
Dielectric 
Isolation 
(01) proces- 
sing is used for enhanced reliability and performance 
(see 
Application 
Note 521). Substrate 
leakage and parasitic 
capacitance 
are much lower, resulting 
in extremely 
low 
static errors and high throughput 
rates. Low output leak- 
age 
(typically 
0.1nA) and 
low channel 
ON resistance 
(2500) 
assure 
optimum 
performance 
in 
low 
level 
or 
current mode applications. 


HI· 1818A/1828A 


Low Resistance Single 8/Differential 
4 Channel CMOS Analog Multiplexers 


Applications 


• Data Acquisition 
Systems 
• Precision Instrumentation 
• Demultlplexlng 
• Selector Switch 


The HI-1818A is a single-ended 
8 channel 
multiplexer, 


while 
the HI-1828A 
is a differential 
4 channel 
version. 
Either device is ideally suited for medical instrumentation. 
telemetry systems, and microprocessor 
based data acqui- 


sition'systems. 


The HI-1818A/1828A 
is offered 
in a 16 pin Ceramic 
or 
Plastic 
DIP and a 20 pin Plastic 
Leaded Chip 
Carrier 
(PLCC). 
For MIL-STD-883 
compliant 
parts, request the 
HI-1818A/883; HI-1828A/883 data sheet. 


ADDRESS 
Al 
16 
ADDRESS 
Ao 


+5.DV 
SUPPl 
Y 
2 
15 
-VSUPPl 
Y 


ENABLE 
14 
+VSUPPlY 


OUT 5 THRU 
8 
4 
13 
IN 1 


IN 8 
5 
12 
OUT 1 THRU 4 


IN 7 [ 
6 
11 
IN2 


IN6 
[ 
7 
10 
IN 3 


IN 5 
[ 
8 
9 
IN 4 


Pinouts 
HI-1818A 
CERAMIC/PLASTIC 
DIP 
TOP 
VIEW 


ADDRESS 
A1 
1 
ADDRESS 
An 


+5.DV 
SUPPL Y 
2 
-VSUPPlY 


ENABLE 
3 
+VSUPPlY 


ADDRESS 
AZ 
4 
IN 1 


IN 8 
5 
OUT 


IN 7 
6 
IN 2 


IN 6 
7 
IN 3 


IN 5 
8 
9 
IN4 


i 


" ~ 
0 
if 
c 


ADDR'SSI 
INPUT 
BUFFERS 


ADDR'SS I 
INPUT 
BUFFERS 


ADDRESS 
"ON" 


A2 
A1 
AO 
EN 
CHANNEL 


L 
L 
L 
L 
1 


L 
L 
H 
L 
2 


L 
H 
L 
L 
3 


L 
H 
H 
L 
4 


H 
L 
L 
L 
5 


H 
L 
H 
L 
6 


H 
H 
L 
L 
7 


H 
H 
H 
L 
8 


X 
X 
X 
H 
NONE 


ADDRESS 
"ON" 


A1 
Ao 
EN 
CHANNELS 


L 
L 
L 
1 and 5 


L 
H 
L 
2 and 6 


H 
L 
L 
3 and 7 


H 
H 
L 
4 and 8 


X 
X 
H 
NONE 


Transistor 
Count 


Die Dimensions' .... 


Substrate 
Potential< 


Process: 
. 


Thermal 
Constants 
(OCIW) 


Ceramic 
DIP 


Plastic 
DIP 


....210 


.. 
67.7 x 103.5 mils 


.-VSUPPLY 
...CMOS-DI 


lija 
0jc 


111 
41 
81 
33 


*The 
substrate 
appears 
resistive 
to the 
-VSUPPLY 
terminal, 
therefore 
it 


may 
be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on acon- 


ductor 
at -VSUPPLY 
potential. 


• 


Voltage 
Between 
Supply 
Pins 
Logic Supply 
Voltage 
. 


Analog 
Input Voltage: 


+VIN 
+VSUPPLY 
+2V 
-VIN 
-VSUPPLY 
-2V 
Junction 
Temperature 
(Max).. 
...1750C 


Storage Temperature 
Range 
-650C to +1500C 
Digital 
Input Voltage 
-VSUPPLY 
to +VSUPPLY 


Operating 
Temperature 
Ranges: 


HI-1818A/1828A-2, 
-8 
-550C to +1250C 
HI-1818A/1828A-5................... 
.....OoC to 750C 


Unless Otherwise 
Specified: 
Supplies 
= +15V, -15V, +5V; 
VAL = O.4V, VAH = 4.0V 


HI-1818A11828A 
HI-1818A11828A 


-2, -8 
-5 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 


'VIN, 
Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 


'RON, 
ON 
Resistance 
(Note 
2) 
+250C 
250 
400 
250 
400 
II 


Full 
500 
500 
II 


'IS(OFFj, 
Inpul 
Leakage 
Current 
Full 
50 
50 
nA 


'ID(ON), 
On Channel 
Leakage 
Current 


(HI-1818A) 
Full 
250 
250 
nA 


(HI-1828A) 
Full 
125 
125 
nA 


ID(OFF) 
Oulput 
Leakage 
Current 


(HI-1818A) 
Full 
250 
250 
nA 
(HI-1828A) 
Full 
125 
125 
nA 


DIGITAL 
INPUT 
CHARACTERISTICS 


VAL, 
Input 
Low 
Threshold 
Full 
0.4 
0.4 
V 


VAH, 
Input 
High 
Threshold 
(Note 
3) 
Full 
4.0 
4.0 
V 


lA, 
Input 
Leakage 
Current 
Full 
1 
1 
}JA 


SWITCHING 
CHARACTERISTICS 


T S' Access 
Time 
(Note 
4) 
+250C 
350 
500 
350 
ns 


Full 
1000 
1000 
ns 


Break-Before-Make 
Delay 
+250C 
25 
100 
ns 
Settling 
Time 
(0.1%) 
+250C 
1.08 
1.08 
J1.S 


(0.025%) 
+250C 
2.8 
2.8 
J1.S 


CIN, 
Channel 
Input 
Capacitance 
+250C 
4 
4 
pF 


COUT, 
Channel 
Output 
Capacitance 
(HI-1818A) 
+250C 
20 
20 
pF 


(HI-1828A) 
+250C 
10 
10 
pF 
CDS(OFF), 
Drain-To-Source 


Capacitance 
+250C 
0.6 
0.6 
pF 


CD, 
Digital 
Input 
Capacilance 
+250C 
5 
5 
pF 
10N(ENj, 
Enable 
Delay 
(ON) 
+250C 
300 
500 
300 
ns 


Full 
1000 
1000 
ns 


tOFF(EN), 
Enable 
Delay 
(OFF) 
+250C 
300 
500 
300 
ns 


Full 
1000 
1000 
ns 


POWER 
REQUIREMENTS 


PO. Power 
Dissipation 
Full 
27.5 
27.5 
mW 
*1+, Current 
Full 
0.5 
0.5 
mA 
*1-, Current 
Full 
1 
1 
mA 


'IL, 
Current 
Full 
1 
1 
mA 


NOTES: 
1. 
Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the cir- 
cuit may be impaired. Functional operation under any of these conditions is not necessarily implied. 


2. VOUT' 
±10V, lOUT = -lmA. 


3. 
To drive from OTLnlL circuits, 
1kn pull-Up resistors to +5.0\1 supply 
are recommended. 


4. 
Time measured to 90% of final output level; VOUT = -5.QVto +5.0V, Digital Inputs = OV to +4.QV. 


Performance 
Characteristics 


ON 
RESISTANCE 
VS. ANALOG 
SIGNAL 
LEVEL 
ON 
CHANNEL 
CURRENT 
vs. VOLTAGE 


--=--<$- 


v~ 


___ 
v, ___ 


I. 
--<) 


tv, 
--<) 
OUT 


RON"~ 
+611 


lmA 


-55°C 
350 


~ 


'" +40 
E 
::::;:~ 


'" 300 
E +20 
"T 
+1250C 
:l; 
V 
+25oC 
:I: 
a; 
.,/ 
0 
- 


a; 


';'250 
:> • 


~ 
" 
V 
" 
" 


Z 
- 
z 
A 
~200 
i 
-550~ 
" 


-2. 


~ 


i1i 
-V 
>- 


+1250C 
a; '50 
~ -4. 
Z 


~ 


0 


'00 
-60 
-I. 
-8 
-6 
-4 
-2 
• 
+2 
+4 
+6 
+8 
+1. 
-,. 
-8 
-6 
-4 
-2 
• 
+2 
+4 
+6 
+8 
+,. 


V, 
- SIGNAL 
LEVEL 
(VOL TS) 
VOLTAGE 
ACROSS 
SWITCH 


LEAKAGE 
CURRENTS 
vs. TEMPERATURE' 


OFF 
LEAKAGE 
ON 
LEAKAGE 
ACCESS 
TIME 


L~ 


+iliac ,., 


~ 
.. 


PROlE 


OUT 
OUT 
·svoc o.!!J f-o 
r----l 


i 
A 
IO(OFFI 


-HI-1811A 'IJ 
¥~ E. 
A 
lofON) 
~ 
f---o 
: 
I 


•• 
A, 
I 
I 
.,0V 
- 
- 
I 
12.5,F 
I 
- J- 
t'1Ov 
'1OV"t 
J, J, 
-=- !.IOV 
AD Al 
A, 
IN 
I 
I 
-f 


,,~ 


I 
-=- 
I 


0.4Y 
L ____ 
J 


DVt 
••..•• 


'~"'~ 


= 
-Two 
measurements 
per channel: 


:tl0V -=- 
I 
+'OV/-'OV 
and -'OV/+'OV. 
·Similar connection for HI-1828A. 
.l ~ 
EN 
4V 
(Two 
measurements 
per device 
':" 
"J'1OV 
for 
'DIOFFI: 
+'OV/-'OV 
and 
-'OV/+'OVI. 


4V 
lOOnA 


I 
A. INPUT 
·~~rt-~ 
- -50% 
2V/OIV 
_ - 


lDnA 
HI·1I11A 
I 
HI-IIZI. 
I 


loA 
VA 
./ 
I 
- 
: 
+5V 
: 
OUTPUT 
J 
loopA 
././ 
V 
IS(OFF) 
5V/OIV 


(HI-"lIA/lIZIA) 
~ 
: 
90% \. 
-5V 
J 


10pA 
;-- -TA 
---00 


25 
50 
15 
100 
125 


TEMPERATURE 
-Ie 
lOOns/OIV 


.. 


• 


ENABLE 
DELAY 


(ION(EN). 
IOff(EN)) 


+15 
-15 
+5.0 


.2 


+5V 


IN 2 


THRU 
IN 8 
-= 
OUT 


·HI-1818A 
12.5pJ 


ENABLE 
DELAY 


(ION(EN). 
IOff(EN)) 


..-\ 


ENABLE 
I 
- 
DRIVE 
lV/DIY 
I 


OUTPUT ~ c- I-'- 
2V/DI~ '-- 


4.0V 
r-\. 
ADDRESS 
.J!:..J 
~V 
Al 


~r;;.-- 
''''')'I''~ 
-It- 


10PEN 


BREAK-BEfORE-MAKE 
DELAY 
(IOPEN) 


I 
I 


---1 J- VA INplUT 
2VIDIV , 
OUTPUT 
\ -I - 
'r 


/DlV 
, 
V 
f 
I 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI3-1818A-S 
OOClo+7SoC 
16-Pln 
Plastic 
DIP 
HI1-1818A-2 
-SSoC 10+ 12SoC 
16-Pln 
CERDIP 
HI1-1818A-S 
OOClo+7SoC 
16-Pln 
CERDIP 
HI1-1818A-7 
oDC 10+7SoC 
+ 96 Hr. Burn-In 
16-Pln 
CERDIP 
H14P1818A-5 
OOClo+750C 
20-Pln 
PLCC 


HI1-1828A-5 
OOClo+7SoC 
16-Pln 
CERDIP 
HI1-1828A-7 
oDC 10+7SoC 
+ 96 Hr. Burn-In 
16-Pln 
CERDIP 
HI3-1828A-5 
OOClo+7SoC 
16-Pln 
Plasllc 
DIP 
H14P1828A-5 
OoC1o +7SoC 
20-Pln 
PLCC 
HI1-1828A-2 
-550Clo+12SoC 
16-Pln 
CERDIP 


All N-Channel Bodies to v- 
Ail P-Channel Bodies to V+ 
Unless Otherwise Indicated 


All N-Channel Bodies to v- 
Ail P-Channel Bodies to V+ 
A2 or A2 not used for HI-1828A 


: ----------, 
i, 
I, 
I 
T. 
'CHANNEL 
SWITCH, 


T. I 


N CHANNEl 
SWITCH 


I 


I 
' 


l.!!.S!ITCH~E~ 
~ 


All N-Channel Bodies to V- 
Ail P-Channel Bodies to V+ 
Unless Otherwise Indicated 
• 


Features 


• Low 
On Resistance 
(Typo) 
0 
000 
0 
• 
0 
• 
0 1800 


• Wide 
Analog 
Signal 
Range 
. 
0 
• 
0 
•••• 
±15V 


• TTLJCMOS 
Compatible 
. 
0 
• 2.4V (logic 
"1") 


• Access 
Time 
(Typ) 
.•.•.•. 
o. 
0 
••••• 
250ns 


• 44V 
Maximum 
Power 
Supply 


• Break-Before-Make 
Switching 


• No Latch-up 


• Replaces 
DG506A1DG506AA 
and 
DG507 
AlDG507 
AA 


Single 16/Differential 
8 Channel 
CMOS Analog Multiplexers 


Description 


These 
monolithic 
CMOS 
multiplexers 
each 
include 
an array of sixteen 
analog 
switches, 


a digital 
decode 
circuit 
for channel"S8lection, 
a voltage 
reference 
for logic 
thresholds, 
and an ENABLE 
input 
for device 
selection 
when 
several 
multiplexers 
are present. 


The Dielectric 
Isolation·{OI) 
process 
used 
in fabrication 
of these 
devices 
eliminates 
the 
problem 
of latch-up. 
Also, DI offers 
much 
lower 
substrate 
leakage 
and parasitic 
capaci- 
tance 
than conventional 
janclion-isolated 
CMOS 
(See Application 
Note 
521). 
With 
the 
low 
ON 
resistance 
(1800 
typical), 
this 
allows 
low 
static 
error, 
fast channel 
switching 
rates, 
and fast settling. 


The switching 
threshold 
for each 
digital 
input 
is established 
by an intemal 
+5V 
refer- 
ence, 
providing 
a guaranteed 
minimum 
2.4V 
for "1" 
and 
maximum 
0.8V 
for "0". 
This 
allows 
direct 
interface 
without 
pull-up 
resistors 
to signals 
from 
most 
logic 
families: 
CMOS, 
TTL, DTL and 
some 
PMOS. 
For protection 
against 
transient 
overvoltage, 
the 


digital 
inputs 
include 
a series 
2000 
resistor 
and 
diode 
clamp 
to each 
supply. 


The HI-506 
is a sixteen 
channel 
single-ended 
multiplexer, 
and the HI-507 
is an 
eight 
channel 
differential 
version. 
Each device 
is available 
in a 28 pin Ceramic 
or Plastic 
DIP, 
28 pad 
Leadless 
Chip 
Carrier 
(LCG), 
and 
28 pin 
Plastic 
Leaded 
Chip 
Carrier 
(PLCG) 
packages. 
If input 
overvoltage 
protection 
is needed, 
the 
HI-546/547 
multiplexers 
are 
recommended. 
For further 
information 
see Application 
Notes 
520 
and 
521. 


The HI-5OS/S07 
is offered 
in both 
commercial 
and 
military 
grades. 
For additional 
Hi- 
Rei-screening 
including 
160 
hour 
bum-in 
specify 
the "-8" 
suffix. 
For 
MIL-STD-B83 
compliant 
parts, 
request 
the HI-50S/883 
or HI-507/883 
data sheet. 


Applications 


• Data 
Acquisition 
Systems 


• Precision 
Instrumentation 


• Demultlplexlng 


• Selector 
Switch 


Pinouts 
HI1-506 
(CERAMIC 
DIP) 
HI3-506 
(PLASTIC 
DIP) 
TOP 
VIEW 


.YSUPPLY 
.G 
.G 


111116 


IN IS 


IN 14 


IN 13 


IN 12 


IN11 


IN10,.. 


GND 
.G 
ADDRESSAl 


21 
OUT 


21 
-YSUPPlY 
26 
INI 


ZS 
IN7 


24 
IN' 


23 
INS 


22 
JNo4 


21 
INl 


201HZ 


19 
IN I 


18 
ENABLE 


11 
AODRESSAO 


16 
ADDRESSAj 


Hi 
ADDRESSAZ 


H11-507 
(CERAMIC 
DIP) 
H13-507 
(PLASTIC 
DIP) 
TOP 
VIEW 
'" 
, 
OUI 


'" 
l ___ 


e 
DECODERI 


e 
ORIVER 
e 


INI6 
L ___ 


H14-508 
(CERAMIC 
LCC) 
H14P506 
(PLCC) 
TOP VIEW 


~ 
~ 
'" 
ill 
- 
~ ~ ~ ~ 
0 
;r; ~ 


}J~J t~Jt!~ld t 
2 
,'; t 
2}j i2,~ [~ 
IN 1 


!J 
[2~ 
INI 


+VSlIPPlY 


01lT8 


.G 


INU 


IN18 
INU 


IN58 


IN48 


IN38 


IN28 


IN18 


ONG 
.G 
.G 


IN 13 )J 


IN 12 
IJ 


[2} 
IN5 


[23 
IN4 


oliT 
A 


-VSlIPPlY 


INIA 


IN1A 


IN6A 


IN5A 


IN4A 


IN3A 


IN2A 


IN 1A 


ENABLE 


AoDRESSAO 


AoDRESSA1 


ADDRESSA2 


H14-507 
(CERAMIC 
LCC) 
HI4P507 
(PLCC) 
TOP 
VIEW 


~J 
[(1 IN3 


IN 10 ~oJ 
[2~ 
lN2 


INfJ 
£1] 
m 
,"-,t"t","-,t-, 
t-,,.,, 
'12"1]"14 
•• 
'50'16' 
111"11' 


IN68 
!J 
[2~ 
INIA 


IN58 
jJ 
t.2l 
IN 5.10 


IN 48 ~J 
ToPV1EW 
[23 
IN4A 


IN 38 j] 
[(I 
IN 3.10 


IN 28 ~oJ 
[2~ 
IN 2.10 


INIB 
£1J 
m 
IN1A 
f,'21r'31 f'41 ~-~ f'61 f,,1 r,i1 


Absolute Maximum Ratings 
(Note 
1) 


VSUPPLY(+)to 
VSUPPLY(-)· 
. 
. ......•.... 
44V 


VSUPPLy(+)toGND 
................•......••......•.... 
22V 


VSUPPLY(-) 
to GND. 
.. .. .. 
. .•......•.................... 
25V 


Digital 
Input 
Overvoltage 


+VEN, 
+VA 
.. 
. 
+VSUPPLY 
+4V 


-VEN, 
-VA 
. . . . . . . 
. 
-VSUPPL 
Y -4V 


or 20mA, 
whichever 
occurs 
first 


Analog 
Signal 
Overvol1age 
(Note 
7) 


+VS·········· 
-VS ....................•.. 


ContinuousCurrent,SorD: 
.....................••....... 
20mA 


Peak Current, 
S or D 


(Pulsed 
at 1ms,10%dulycyclemax): 
40mA 


Junction 
Temperature 
+175OC 


Operating 
Temperature 
Ranges: 


HI-506/507-2,-8..... 
. 
-550Cto+125OC 


HI-506/507-4 
......................•••..... 
-25OC 
to +85OC 


HI-506/507-5 
.....................•.......... 
DOC to +75OC 


Storage 
Temperature 
Range ...........•••..... 
-65OCto 
+15OOC 
........ 
+VSUPPLy+2V 


......... 
-VSUPPLy-2V 


Electrical Specifications 
Unless 
Otherwise 
Specified: 


Supplies 
= + 15V, -15V; 
VAH (Logic 
Level High) = +2.4V; 


VAL (Logic 
Level Low) = +0.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 


HI-506IH1-507 
HI-506I507 


-2, 
-8 
-4, 
-5 
TRUTH 
TABLES 
PARAMETER 
TEMP. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
UNITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 


'VS, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 
HI-506 


'RON, 
On Resistance 
(Note 2) 
+25°C 
180 
300 
180 
400 
II 


Full 
400 
500 
II 
"ON" 


6RON, 
(Any Two Channels) 
+25°C 
5 
5 
°Al 
A3 
A2 
A1 
AD EN CHANNEL 
'IS (OFF), Off Input Leakage 
Current 
(Note 3) 
+25°C 
0.03 
0.03 
nA 
X 
X 
X 
X 
L 
NONE 
Full 
50 
50 
nA 
L 
L 
L 
L 
H 
1 
'ID (OFF), Off Output 
Leakage 
Current. (Note 3) 
+25°C 
0.3 
0.3 
nA 
L 
L 
L 
H 
H 
2 
HI-506 
Full 
300 
300 
nA 
L- 
L 
H 
L 
H 
3 
HI-507 
Full 
200 
200 
nA 


'ID (ON), On Channel 
Leakage 
Current (Note 3) 
+25°C 
0.3 
0.3 
nA 
L 
L 
H 
H 
H 
4 
L 
H 
L 
L 
H 
5 
HI-506 
Full 
300 
300 
nA 
L 
H 
L 
H 
H 
6 
HI-507 
Full 
200 
200 
nA 
'IDIFF. 
Differential 
Off Output 
Leakage 
Current 
Full 
50 
50 
nA 
L 
H 
H 
L 
H 
7 


L 
H 
H 
H 
H 
8 
(HI-507 Only) 
H 
L 
L 
L 
H 
9 
DIGITAL INPUT 
CHARACTERISTICS 
H 
L 
L 
H 
H 
10 


'VAL, 
Input Low Threshold 
Full 
+0.8 
+0.8 
V 
H 
L 
H 
L 
H 
11 


'VAH" 
Input High Threshold 
Full 
+2.4 
+2.4 
V 
H 
L 
H 
H 
H 
12 


'IA 
Input Leakage 
Current 
(High or Low) (Note 4) 
Full 
1.0 
1.0 
pA 
H 
H 
L 
L 
H 
13 


SWITCHING 
CHARACTERISTICS 
H 
H 
L 
H 
H 
14 


'tA, Access 
Time 
+25°C 
250 
500 
250 
H 
H 
H 
L 
H 
15 • 


ns 
H 
H 
H 
H 
H 
16 
Full 
1000 
1000 
ns 


'toPEN, 
Break-Belore-Make 
Delay 
+25°C 
25 
80 
25 
80 
ns 


'tON 
(EN), Enable 
Delay (ON) 
+25°C 
250 
500 
250 
ns 
Full 
1000 
1000 
ns 
HI·507 


'tOFF 
(EN), Enable 
Delay (OFF) 
+25°C 
250 
500 
250 
ns 
Full 
1000 
1000 
ns 
"ON" 
Settling 
Time (0.1%) 
+25°C 
1.2 
1.2 
pS 
CHANNEL 
(O.o1oAl) 
+25°C 
2.4 
2.4 
pS 
A2 
A1 
AD EN 
PAIR 
"Off Isolation" 
(Note 5) 
+25°C 
50 
68 
50 
68 
dB 


Cs (OFF), Channel 
Input Capacitance 
+25°C 
5 
5 
pF 
X 
X 
X 
L 
NONE 


CD (OFF), Channel 
Output 
Capacitance 
HI-506 
+25°C 
44 
44 
pF 
L 
L 
L 
H 
1 


HI-507 
+25°C 
22 
22 
pF 
L 
L 
H 
H 
2 


CA, Digital Input Capacitance 
+25°C 
5 
5 
pF 
L 
H 
L 
H 
3 


CDS {OFFl 
Input to Output 
Capacitance 
+25°C 
0.08 
0.08 
pF 
L 
H 
H 
H 
4 


POWER 
REQUIREMENTS 
H 
L 
L 
H 
5 
H 
L 
H 
H 
6 


'1+, Current, 
Pin 1 (Note 6) 
Full 
15 
30 
15 
30 
mA 
H 
H 
L 
H 
7 
'1-, 
Current 
Pin 27 (Note 6) 
Full 
0.4 
1.0 
0.4 
1.0 
mA 
H 
H 
H 
H 
8 


·100% 
tested 
lor Dash 
8. Leakage 
currents 
not tested 
at _55°C. 


NOTES: 


1. Absolute 
maximum 
ratings 
are 
limiting 
values, 
applied 
individually, 
be· 
5. VEN = 0.8V, 
RL = lK. 
CL = 15pF. 
Vs = 7VRMS. 
f = 100kHz. 


yond 
which 
the 
serviceability 
of the 
circuit 
may 
be 
impaired. 
Funcbonal 
6. 
VEN. 
VA'" 
OV or 2.4V. 
operation 
under 
any 
of these 
conditions 
is not necessarily 
implied. 
7. 
Signal 
voltage 
at any analog 
input 
or output 
(8 
Of' 0) will be clamped 
to the 


2. VOUT = ±10V, 
lOUT = -lmA. 
supply 
rail by internal 
dOOM. 
Limit 
the resulting 
current 
as shown 
under 


3. 
Ten 
nanoamps 
is the practical 
lower 
limit 
for high 
speed 
measurement 
in 
absolute 
maximum 
ratings. 
It 
an 
overvoltage 
condi1ion 
is 
anticipated 


the 
production 
test 
environment. 
(analog 
input 
exceeds 
either 
power 
Ju~ply 
voltage), 
the 
Harris 
HI-548/ 


4. 
Digital 
input 
leakage 
is primarily 
due to the clamp 
diodes 
(see SChematic). 
547 
multiplexers 
are recommended. 


Typical 
leakage 
is less 
than 
1nA at 25OC. 
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Performance Characteristics and TestCircuits 


Unless Otherwise Specified; TA = 25°C, VSupply = ±15 V, 
ON RESISTANCE vs. 


INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = 2.4 V, VAL = 0.8 V. 


~~ 


TEST CIRCUIT 
RO~:~ 


NO.1 
'm' 


'N~ 


:;~--o 


OUT 


7' 
V'N 
~ 


ON RESISTANCE 


vs. ANALOG INPUT VOLTAGE,TEMPERATURE 
NORMALIZED ON RESISTANCE 


vs. SUPPLY VOLTAGE 


400 
I 
I 
1.1 


I 
I 
:;1.0 
+1250C?:TA?:-550C 


~ 


300 
I 
I 
; 
18 


VIN" 
OV 


....... 
"- 
e- 
TA '" tl250C -- - 


~ 
1.6 


"" 
i 


100 
- 


..-/ 
~1.4 
TA '" +250C 
- 


...•••.•.. 


i 
I 
- 


e 
1.2 


100 
~ 
1.0 
- 
0 
I 
I 


TA:< 
-55DC 


I 
I 
~ 
0.8 
0 
-15 
-10 
-, 
0 
., 
010 
.15 
0.' 
" .. 
'" 
!10 
!11 
!12 
±13 
!14 
:!:15 


VINAnalog Input(V<llts) 
Supply Voltagl!(Volls) 


LEAKAGE CURRENT VS. TEMPERATURE 


'OOM 
TEST CIRCUIT 
TEST CIRCUIT 


NO.2" 
NO.3" 
f[J1.' 


OIlOUIP!' 
/' 
OUT 


'OM 
rl[E 


~l"lcI 
•• curnlnt 
i 
A 
IOIOFFI 


IS(OFFI 
A 
! 
==== 
101011) 
*:IDtOn~~I:;Zf 
Onlultl9' 
Cur•.••n. 
!10V -==- 
. 
.,OV --=- 
-=- .10V 
I-=-_ 
EN 
+O.BV 


'M 
/ 
V 
-J- 
-:r:- 
-=- 
..l. +10V 


TEST CIRCUIT 


/' 


I"- ~:~~:.\I~urr.n. 
_ 
NO.4" 
·Two measurements 
per channel: 
/ 
Islom 
L~ 


+10 V/-10 V and -10 V/+10 V. 


'''''A 
(TWOmeasurements per device for IO(OFF) 
+10 VI-10 V and -10 VI+10 V.) 
¥~ 


OUT 


1---0 
EN 
~}DIONJ 
'110' 
AO 
Al 
25' 
'0' 
15' 
1000 
12!iO 


"OV~ 
! b 
-=- +10V 


Temp.rllurlOe 
~- 


+2.4V 


LOGIC THRESHOLD 
POWER SUPPLY 


vs. POWER SUPPLY 
CURRENT 
OFF ISOLATION vs. 


VOLTAGE 
vs. TEMPERATURE 
FREQUENCy 


4 
3.0 
100 r-- 
1/11111 
~ 
~ 
~ 
<i 
so 
Al'" 
lK 


3 
E 
- 
:& 


.• 
J 
10 
! 
- 


VEN:2.4V- 
~ 
60 ;;;;;; 
, 1 
","~Jf 


§ - 
I 


t---' =1""" 


0 
40 
VEN 
'" ov 
! 


10 


1 
J 


~o 
~~ 10 


I 
lliliU 


ClOAD" 
28pF 
VS:: 
1 VRMS 
0 
0 
0 
!Ii .. 
!IO 
!12 
!14 
!16 
!18!20 
-55 ~35 ~15 -, 
25456585105125 
10' 
10' 
106 
101 


PowerSupplyVollaye(Volls) 
Temperature/oCI 
frequency 
(Hz) 


HI·506/507 


Performance 
Characteristics 
and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE 
TEST CIRCUIT 
ro 
NQ5 


- 
60 
TAl. -ssioc 
I 
1so 
=r:::- 
j 
40 
.••••• - 
~~A 
=12SOC 


~/" 
:.:::::.r 
I 


~ 
30./ 
TA 
12S~- 
:; 
/./ 
-' 
,. 
= +1 '0- 


I 
20 
+t 
10 
~~ 
I 
oR' 
I 
o 
±2 
±4 
±6 
±8 
±10 
±12 
±14 
±16 


VIN - 
VOltage Across Switch 


SUPPLY CURRENT vs. TOGGLE FREQUENCY 


8 


ON CHANNEL CURRENT 
vs. VOLTAGE 


TEST CIRCUIT 
NO.6 


+151+11N 


A 
+ISupply 


SUPPLY CURRENT 
vS.TOGGLEFREQUENCY 


+V 


~ 
A3 
IN 1 --0 
±101±SV 


A2 
IN 2 
V 


~A_ 
L 
Al -HI-506 
THRU 
• 
- 
e-::L 
L 
INIS 
~ 


SOIl 
AD 
IN 16 --0 
±101±SV 
'0- 
EN 
OUT 


-=- 
+3.SV i 


GND 4- 


V 


10MO0 


4 
pi 


{ 


High 
= 3.SV 
VA 
Low = IN 


SO% DUTY CYCLE 
-::- 
A 
_-I51IS_UP1INPIY 
':' 


·Similar 
connection 
for HI-50? 


TEST CIRCUIT 


ACCESS TIME VS. LOGIC LEVEL (HIGH) 
NO .7 


g 


~ 
400 
~ 
~ 
~ 
200 


• r 


4 
S 
"13 


Logic Level (High) . (Volts) 


3.SV 
ADDRESS 


~ 


RIVEryt<J 


SO% 
IN 


I 
- 


~ 


IN 
OUTPUT 


I 
90% 


I 
I 
-llN 


I 
I 
--l 
tA 
f- 


+lSV 
ACCESS TIME 
? 
vs. LOGIC LEVEL (HIGH) 


v+ 
r- A3 
IN1-0 
±llN 


~ 


A 
r t::2 
IN2THRUINIS 
~ 


.n. 
~ 
1 -HI 506 
---,",.' 
AO 
- 
IN 16 
~ 
.11N 
PROBE 


SOIlo---j 
EN 
OUT 
~ 
- 
- 
--..., 


-=- ? 
+3SV I 


GNDJ 
II ¥1::: 
! 


-lSV 
I 
I 
= 
I 
- 
I 


·Similar 
connection 
for HI-50? 
L.. 
_ 
.:. 
__ 
1 


_ 
VAINPUT 


:r'/DIV. 


SIDN 


OUTPUT 
1 


V1D1Vj 


S16DN II 


200 NSIDIV 


• 


3.5V 
II 
ADDRESS 


~ 
~VEfVA) 


~ 


DUTPUTA 


50% 
50% 


I 
I 


---.l 
I+- 


tOPEN 


TEST CIRCUIT 
NO.8 


BREAK-BEfORE-MAKE 
DELAY (tOPEN) 
BREAK-BEfORE-MAKE 
DELAY(tOPEN) 


I 
~ 


VA 
INPUTr 
/O'V 


5, ON 
516 
ON 
, 


OUTPUT 
I- 


iV/D'r - 
~ 
J 
V 


I 


3.5V 


5o:.J- 
- 
- 
~ 
ENABlE DRIVE 


I 
OV 


~ 


I 
90% 
I 
OUTPUT 
A 
I 
I 


I 
I 
90% 
I 
I 


-+1 
tON1ENII+-- 
I 
tOFF I 
I 
I 
--+1 
(EN) 1"""- 


I 


1 


ENABLE 
DRIVE 


2\1'lolY. 


I 
I 
r 


5, ON 


$2 
THRU 
, 


- 
516 
OFF 
- r-- 
OUTPUT 


I 
2VfOIV I' 


I 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


Transistor Count ...................•.............. 
421 


Die Dimensions ........•................. 
129 x 82 mils 


Substrate Potential> 
-VSUPPLY 
Process 
CMOS-DI 


Thermal Constants (OCIW) 
Bja 
Bjc 


Ceramic DIP 
51 
20 


Ceramic LCC 
81 
40 


*The 
substrate 
appears 
resistive 
to the -VSUPPl 
y terminal, 
therefore 
it may 


be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a conductor 


at -VSUPPl V potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI9POS06-9 
-400C 
10 +6SoC 
28·Pln 
SOIC 
HI3-0S06-~ 
OOClo+7SoC 
28·Pln 
Plasllc 
DIP 
HI1-0S06-7 
OOC10 + 7SoC + 96 Hr. Burn-In 
28-Pln 
CERDIP 
HI9POS06-S 
OOC1o +7SoC 
28-Pln 
SOIC 
HI4POS06-S 
OOClo+7SoC 
28·Pln 
PLCC 
HI1-0S06-S 
OOClo+7SoC 
28·Pln 
CERDIP 
HI1-0S06-4 
-2SoC 
10 +6SoC 
28·Pln 
CERDIP 
HI1-0S06-2 
-SSoClo+12SoC 
28·Pln 
CERDIP 


HI1-0S07-4 
-2SoC 
10 +6SoC 
28-Pln 
CERDIP 
HI4POS07-S 
OOClo +7SoC 
28-Pln 
PLCC 
HI9P0507-S 
OOClo +7SoC 
28-Pln 
SOIC 
HI1-0S07-S 
OOClo+7SoC 
28-Pln 
CERDIP 
HI3-0S07-S 
OOClo+7SoC 
28-Pln 
Plastic 
DIP 
HI1-0S07-7 
OOC10 + 7SoC + 96 Hr. Burn-In 
28-Pln 
CERDIP 
HI9POS07-9 
-400C 
10 +6SoC 
28-Pln 
SOIC 
HI1-0S07-2 
-SsoC 
10 + 12SoC 
28-Pln 
CERDIP 


• 


mHARRIS 
HI-506A/507A 


Single 16/Differential 
8 Channel 
CMOS Analog Multiplexers with Active Overvoltage Protection 


Features 


• Analog 
Overvoltage 
Protection 
••• 
70Vp_p 


• No Channel 
Interaction 
During 
Overvoltage 


• ESD Resistant. 
••••••••••••••••• 
>4,OOOV 


• 44V Maximum 
Power 
Supply 


• Fall safe 
with 
Power 
Loss 
(No Latch-Up) 


• Break-Before-Make 
Switching 


• Analog 
Signal 
Range 
•••••••••••••• 
±15V 


• Access 
Time 
(Typical) 
•••••••••••• 
500ns 


• Standby 
Power 
(Typical) 
•....•.••• 
7.5mW 


Description 


The HI-506A 
and HI-507A are analog multiplexers with Active Overvoltage 
Protection. Analog input levels may greatly exceed either power supply with- 
out damaging 
the device or disturbing 
the signal path of other channels. 


Active protection circuitry assures that signal fidelity is maintained even un- 
der fault conditions that would destroy other multiplexers. Analog inputs can 
withstand constant 70 volt peak-to-peak 
levels and typically survive static 
discharges 
beyond 4,000 volts. Digital inputs will also sustain continuous 
faults up to 4 volts greater lhan either supply. In addition, signal sources are 
protected from short circuiting 
should multiplexer 
supply loss occur; each 
input presents 1kO of resistance under this condition. These features make 
the HI-506A 
and HI-507 A ideal for use in systems where the analog inputs 
originate 
from external 
equipment 
or separately 
powered 
circuitry. 
Both 
devices are fabricated with 44 volt dielectrically 
isolated CMOS technology. 


The HI-506A is a 16 channel device and the HI-507 A is an 8 channel differ- 
ential version. If input overvoltage protection is not needed, the HI-506 and 
HI-507 multiplexers are recommended. For further information see Applica- 
tion Notes 520 and 521. 


Each device is available in a 28 pin Plastic or Ceramic DIP and a 28 pad 
Ceramic LCC package. 


The HI-506N507A 
are offered in both commercial and military grades. Ad· 
ditional Hi-Rei 
screening 
including 
160 hour burn-in 
is specified 
by the 


"-8" 
suffix. For MIL-STD-883 
compliant 
parts, request the HI-546/883 
or 
HI-547/883 
data sheets. 


Applications 


• Data Acquisition 


• Industrial 
Controls 


• Telemetry 


Pinouts 
HI1-506A 
(CERAMIC 
DIP) 
HI3-506A 
(PlASTIC 
DIP) 
TOP 
VIEW 


HI1-507A 
(CERAMIC 
DIP) 
H13-507A 
(PLASTIC 
DIP) 
TOP 
VIEW 


Functional 
Diagrams 


INI 
" 
I 
OUT 


'" 
" 


• 


II 
DECOOUI 
II 
• 
, , 
DRIVER 
• 
, , 


INI6 
'k 


+VSUPPlY 


NC 


NC 


IN16 


IN15 
1"14 


IN 13 


IN 12 


IN 11 
IN 10 
'N' 
&NO 


VREF 


ADDRESS"'] 


+VSUPPlY 


OUTI 


NC 
'HI. 
INJ. 


IHiII 


INS8 


INo48 


INJB 


IH28 
IN 18 


GNO 


VREF 
NC 


OUT 


,VSUPPlY 
'N' 
'NT 
IN' 


IN' 
IN' 
'N3 
IN, 


INI 


ENABLE 


ADDRESS"'O 
ADDRESS"'l 


ADORESSAZ 


ZI 
OUTA 
21 
-vSUPPlY 


26 
INBA 


25 
IN1A 


24 
IN6A 


23 
INSA 


12 
INo4A 


21 
IN 3.•• 


20 
IHZA 
19 
IN II. 


II 
ENAUf 


11 
ADDRESSAO 


16 
ADDRESS,l,l 


IS 
AODRESSAZ 


INIA •• 
IN8A 
~ ) . 
- ~ ~ f 
0 
~ 


~J~J t~J t!.: hl t2_1,:t2}; t2_~[2~ 


~J 
[2~ 
!J 
[2~ 
IN' 


INn 
jJ 
:"2~ IN5 


IN12 ~J 
TOP VIEW 
[2] 
IN' 


IN11 ~J 
W 
'N3 


lN10 ~J 
[2]1 
IN' 


'N' m 
ll! 
IN' 
r-, ,-, r-, r·, r-' r,j~r,i~ 
·12··13··, .•• ·150·11· 


INSB 
jJ 


'UI 
~J 


(2) 
INSA 


[2] IN.•.•. 


IN 31 jJ 
[ij 
IN JA 


IN 2B [oj 
[~ 
IN 2A 
IN1. m 
[I! 
~i~rli~f141!1~[1-&1 r,j~f,i1 


. . .. 
+VSUPPL 
Y +20V 


... 
-VSUPPLY 
-20V 


Continuous 
Current, 
S or 0: ..................•.•........ 
20mA 


Peak Current, 
S or 0 


(Pulsed 
at 1 ms, 10% duty cycle 
max): 
... 


Junction 
Temperature 
.. 


Operating 
Temperature 
Ranges: 


HI-S06A/S07A-2, 
-8 
. 


HI-S06A/S07 
A-4 
. 


HI-S06A/S07 
A-S 
. 


Storage 
Temperature 
Range. 


Absolute 
Maximum Ratings 
(Note 
1) 


VSUPPLY(+) 
to VSUPPLY(-) 
. 


VSUPPLY(+) 
to GND 
. 


VSUPPLy(-)toGND 
.. -.... 


Digital 
Input 
Overvoltage 


+VEN, 
+VA 
. . 
. 
+VSUPPLY 
+4V 


-VEN, 
-VA.. 
. . . . . . . 
. 
-VSUPPLY 
-4V 
or 20mA, whichever occurs first 


Analog 
Signal 
Overvoltage 


+VS 
-VS··· .. ······· . 


... 
44V 


................... 
22V 


.......•.............. 
.... 
2SV 


.. 
-SSoC 
to +12SoC 


. ... 
-2SoC 
to +8SoC 


.................. 
OOC to +7SOC 


.... 
-6SoC 
to +1S00C 


Electrical Specifications 
Unless 
Otherwise 
Specified: 


Supplies 
= +1SV, 
-1SV; 
VREF 
pin = Open; 
VAH 
(Logic 
Level 
High) = +4.0V; 


VAL (Logic 
Level Low) = +0.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 


HI-506AIHI-507A 
HI-506AI507A 
TRUTH 
TABLES 
-2, 
-8 
-4. -5 


PARAMETER 
TEMP. 
MIN. 
TYP. 
MAX. 
MIN. 
TYp. 
MAX. UNITS 
HI-506A 
ANALOG 
CHANNEL 
CHARACTERISTICS 


'VS, Analog 
Signal 
Range 
Fuil 
-15 
+15 
-15 
+15 
V 
"ON" 
'RON. 
On Resistance 
(Note 2) 
+25°C 
1.2 
15 
15 
1.8 
kn 
A:l 
A2 
A1 
AD EN CHANNEL 
Fuil 
15 
1.8 
1.8 
2.0 
kn 
'IS (OFF), Off Input Leakage 
Current 
(Note 3) 
+2SoC 
0.03 
0.03 
nA 
X 
X 
X 
X 
L 
NONE 


Fuil 
50 
50 
nA 
L 
L 
L 
L 
H 
1 


'10 (OFF), Off Output 
Leakage 
Current 
(Note 3) 
+25°C 
0.1 
0.1 
nA 
L 
L 
L 
H 
H 
2 


HI-506A 
Fuil 
300 
300 
nA 
L 
L 
H 
L 
H 
3 


HI-507A 
Fuil 
200 
200 
nA 
L 
L 
H 
H 
H 
4 


'10 (OFF), with Input Overvoltage 
Applied 
(Note 4) +2SoC 
4.0 
4.0 
nA 
L 
H 
L 
L 
H 
5 


Fuil 
2.0 
pA 
L 
H 
L 
H 
H 
6 


'10 (ON), On Channel 
Leakage 
Current 
(Note 3) 
+2SOC 
0.1 
0.1 
nA 
L 
H 
H 
L 
H 
7 


HI-506A 
Fuil 
300 
300 
nA 
L 
H 
H 
H 
H 
8 


HI-507A 
Fuil 
200 
200 
nA 
H 
L 
L 
L 
H 
9 


IDIFF. Differential 
Off Output 
Leakage 
Current 
Fuil 
50 
50 
nA 
H 
L 
L 
H 
H 
10 


(HI-507A Only) 
H 
L 
H 
L 
H 
11 


DIGITAL INPUT 
CHARACTERISTICS 
H 
L 
H 
H 
H 
12 


'VAL, 
Input Low Threshold 
TTL Drive 
H 
H 
L 
L 
H 
13 
Fuil 
0.8 
0.8 
V 
H 
H 
L 
H 
H 
14 
'VAH,.lnput 
High Threshold 
(Noteil) 
Fuil 
4.0 
4.0 
V 
H 
H 
H 
L 
H 
15 
VAL 
MOS DJive (Note 9) 
+25OC 
0.8 
0.8 
V 
H 
H 
H 
H 
H 
16 
VAH 
MOS 
Drive 
(Note 
9) 
+25OC 
6.0 
6.0 
V 
'lA, 
Input Leakage 
Current 
(High or Low) (Note S) 
Fuil 
1.0 
1.0 
pA 
• 


SWITCHING 
CHARACTERISTICS 
HI-507A 
'tA, Access 
Time 
+25°C 
05 
05 
p.S 


Fuil 
1.0 
1.0 
p.S 


'tOPEN, 
Break-Before-Make 
Delay 
+25°C 
25 
80 
2S 
80 
ns 
"ON" 


'tON 
(EN), Enable 
Delay (ON) 
+2SoC 
300 
500 
300 
ns 
CHANNEL 


Fuil 
1000 
1000 
ns 
A2 
Al 
AD EN 
PAIR 


'tOFF 
(EN), Enable 
Delay (OFF) 
+2SoC 
300 
SOO 
300 
ns 
X 
X 
X 
L 
NONE 
Fuil 
1000 
1000 
ns 
L 
L 
L 
H 
1 
Settling 
Time (0.1%) 
+25°C 
1.2 
1.2 
p.S 
L 
L 
H 
H 
2 
(0.01%) 
+2SoC 
35 
35 
p.S 
L 
H 
L 
H 
3 
"Off 
Isolation" 
(Note 6) 
+2SoC 
50 
68 
50 
68 
dB 
L 
H 
H 
H 
4 
Cs (OFF), Channel 
Input Capacitance 
+2SoC 
S 
5 
pF 
H 
L 
L 
H 
5 
CD (OFF), Channel 
Output 
Capacitance 
HI-506A 
+2SoC 
50 
50 
pF 
H 
L 
H 
H 
6 
HI-507A 
+25°C 
25 
2S 
pF 
H 
H 
L 
H 
7 
CA, Digital Input Capacitance 
+25°C 
5 
5 
pF 
H 
H 
H 
H 
8 
CDS (OFR, 
Input to Output 
Capacitance 
+25°C 
0.1 
0.1 
pF 


POWER 
REQUIREMENTS 


PO, Power Dissipation 
Fuil 
75 
75 
mW 
'1+, Current 
Pin 1 (Note 7) 
Fuil 
0.5 
2.0 
05 
2.0 
mA 
'1-, 
Current 
Pin 27 (Note 7) 
Fuil 
0.02 
1.0 
0.02 
1.0 
mA 


·'00% 
tested for Dash 8. leakage 
currents 
not tested at -55°C. 


NOTES: 


1. ~=I~~i~:~~:'b;6~3~~~~~i~~i~2~~~~:til~~ 
speed measurement 
in the production 
test 
6. VF-N" 
O.BV,RI 
= 1 K,CL 
= 1SpF, 
environment. 
'vs. '" 7VAMS, 
f 
'" ~OO kHz 
of the circuit 
may be impaired. 
Functional 
opera- 
4. Analog Overvoltage 
""' ±33 V. 
~. ~oE~ri~ ~r~mO~~r~ircuits, 
1 kO pull·up 
tion under any of these conditions 
is not necessar- 
5. Digital input leakage 
~sprimarily 
due to t~e clamp 
i1y implied. 
diodes (see Schemalic). 
Typical leakage 
IS less 
resistors to +5.0 V supply are recommended. 
2.VOUT" 
±1OV.. IOUT" 
-:100~. 
than 1 nA at 25°C. 
9. VREF 
•• +10 V. 
3. Ten nanoamps 
IS the practical 
lower limit for high 
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- - - - ---- ---- _ ..-_._- 


ON RESISTANCE ys. 
Unless Otherwise Specified: TA = 25°C, VSupply = ±15 V, 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = +4 V, VAL = 0.8 V And VRef = Open. 
--.:-IOoWA 


R 
:: V2 
•• 
v1- 
ON 
100wA 
TEST 
---0 
CIRCUIT 
IN 
NO.1 
~ 
~ 


?!--o 


OUT 
-? 
V,N 
-:.: 


ON RESISTANCE 
NORMALIZED ON RESISTANCE 
Ys.ANALOG INPUT VOLTAGE 
Ys. SUPPLY VOLTAGE 
I., 


+1250C?:TA?:-550C 
_ 
1.3 
TA - ~1250C 
-=1.5 


~ 
1.4 
VIN "+5V 
1.1 
..•... 


11 
- 


~' 
1.3 


TA" 
t250C 
~ 
1.2 


....•. 


1.0 
....•••.. 


a.' 
TA" 
-55°C 
e 
1.1 


I 
] 
1.0 


..••...I'-- 
08 


~ 
0.9 


0.8 


-10 
-8 
-6 
-. 
-I 
a 
1 
• 
6 
8 
10 
" 
,.; 
,1 
,8 
,. 
±IO 
±ll 
±12 
±13 
±14 
±15 


VIN -Analog 
Input 
(Volts) 
Supply 
Vollage 
- Vol IS 


LEAKAGE CURRENT VS. TEMPERATURE 
TEST 
IDOnA 
ltn"· 


CIRCUIT 
OUT 
NO.2" 


: 
A 
IOIOFF) 


LEAKAGE 
·10V-=-. 
-=-.10V 


~ 
~ 


TEST 


OFF OUTPUT 
CIRCUIT 


E 
~f~~~~- 


CURRENT 
/ 
NO.3" 
~ 
f-i/ 


~ 


8 
loiON) " 
/ 


ISIOHI 
A 
f 
lnA 
°lOV-=- 


'" 
I 
-=-_ 
EN 
·08V 


'" 


-=- -* .1OV 


/ 


~i~~TCURRENT- 
/ 
/ 
TEST 
L~ 


'SIOf~ 
CIRCUIT 
l000A 


NO.4" 
t=~ 


OUT 


f---o 
EN 
A 
'OION) 


"Two measurements per channel: 


'lov"t 
r I 
+10 V/-10 V and -10 V/+10 V. 
i :1OV 
1CpA 
(Two measurements per device for IO(OFF): 


25" 
50" 
,," 
100" 
+10 V/-10 V and -10 V/+10 V.) 


Temperature 
-"C 
+2.4V 


ANALOG INPUT OVERVOLTAGE CHARACTERISTlcsr 
ANALOG INPUT 


118f-~I 
TEST 
OVERVOLTAGE CHARACTERISTICS 
- 


~ 15 dl 
I 
I 
V 
CIRCUIT 


'IN =' 


10 (OFF I 


~ 
12 
31 
ANALOG 
INPUT 
./ 
1/ 
NO.5 
-f? 
4 


oi*- 


CURRENT 
HIN~ 
./' 
A 


~ 
9 3.:~ 
J:J 
~ 
6 I~I 
./ 
....... 


-=- 


'" 
,. ~ I 
~ ;.....-- 


OUTPUT 
OFF 
-J. 


'Z3 
LEAKAGE CURRENT- 


a ~r./ 
lolOFF) 


±15 
!18 
±21 
±24 
±27 
!30 
!33 
!36 


V1N ° Analog 
Input 
Overvoltage 
(VollS) 


ON CHANNEL CURRENT vs. VOLTAGE 


±14 
/l-550C 


~ 
±lZ 
./: 
,;' 
l,z50e 


..; 
±1O 


.~ 
h~""'-,moe 


- 
±8 
h '/'" 


±£ 


~±4 
.-a:r 


- 
+2 
.JIII!I{P 
'l/ 
o 
±2 
:t4 
±tI 
±a 
±IO 
±12 
±14 


V1N 
- Voltage 
Across 
Switch 


VAH" 
4.0V 
ADDRESS 
,,,'r-\. 
DRIVE 
(VA) 
~ 
_'----0 v 
I 
- 


.~ 
OUTPUT 
:~ 
I 
I 
·IDV 


I 
I 


----.1 
IA 
I~ 


TEST 
CIRCUIT 
NO.6 


TEST 
CIRCUIT 
NO.7 


TEST 
CIRCUIT 
NO.8 


ON CHANNEL CURRENT 


vs. VOLTAGE 


t 


,""OV 


SUPPLY CURRENT 
A 
"SUPPLY 


vs. TOGGLE FREQUENCY 


ACCESS 'rIME 
vs. LOGIC LEVEL (HIGH) 
? 
?'15V 


jA' 


~ 


A 
L:', 


J1. 
LAO 


_ ""0-" 


--= 
-= 
+4.DV 
GND 
v-i-~ 


VREF 
V' 


IN 
1 f--o 
±1()I 


IN2THRUIN1S~ 


*HI·506A 
IN16 
f--ollW 
- 
PROBE 


OUT 
~ r - -- --, 


: YOMOj. ! 


I 
14pF 
I 
I 
I 
I 
-= 
I 
L 
.,j 


OUTPUT 
A 


5~/DIVi 
I 


J 


• 


VAH" 
4.0V 


r-IADDRESS 


~ 
~VE(VA) 


---::y::- 


OUTPUT 


50'" 
50"0 


, 
, 


---+< 
/+- 


'OPEN 


VAH~4.0V 


5~- 
- 
- -t 


I 
OV 
I 
I 


~ 


oq, 
OUTPUT 
I 
I 
1 
I 
I 
90'. 


-----+1 IONIENI:- 
I 
IOFF I 
I 
1 
--+1 
(EN) I+--- 


CN'EIM;llJAGE 
PROTECTIOH 
~----l 
: ~-*-: 
I 
R.''r 
I 


'2OOll:*' 
I 
01 
I 
I 
v- 
I 
, 
I 
L 
J 


TEST 
CIRCUIT 
NO.9 


BREAK·BEFORE·MAKE 
DELAY 
(tOPEN) 


"ffi';·H,.S06A ::;b}'" 
YA 
THflU 
_ 


I 
IN 
IS 
- 


.fl.. 
Ii. 
,N16 


500 e>:- 
: 
OUT 
'lOUT 


- -'" ~ 
"Y"'" 


1 ON 
16 ON 
I, 
O~TPU~ 
\ 
/ 


J 


0.5V/0IV. 
, I 


V 
~I 


TEST 
CIRCUIT 
NO. 10 


ENABLE 
DELAY 
(tON(EN),tOFF(EN» 


rl" 
'"'-0'''' 


"2. *HI·506A 
1/111 


AI 
THRU~ 
-= 
Ag 
INI'I 
- 
~ 


OUTPUT 
\ 


2V/01V. 
I 
I 
r--.... 


Tll 
REFERENCE 
CIRCUIT 
~------- ---, 
: 1:...;.:..J 
V.: 
I 
RID 
I 
1.9 
I 


I 
01 
I 


-=] 
O::::~ 
: 
I 
I 
I 
03 
I 
I~__ 
G~O 
J 


LEVElSHIFTER 
r - 
- - - - - -- 
- - - - - - - - - - - - - - - - - - - - - - - -, 
I 
v. 
I 


: 
I[~'1 
L~h JiEJ 1E~ 19J 


E'J 
~E~ -H~J,gJ: 
LEVEl 
: 
L::;;\ 
h, 
+=~ 


I I::-~ 
N 
H 
R5 
R7 
I 
IDOECOOE 


~C 
_ 
~ 
1 
::C ~~ 
~l 
-jEll 1Ell r~~y~~ 1Ell >jEll \ ~i 


:G1ot 
: 
L 
1 


MRIJOllAGEPftOTECTIOH 
r-------- 
--------, 


I 
I 


I 
I 


: 
I 


I 
I 
II" 
I 
I 
I 
I 
I 
IL 
_ 


TO 
N CHANNEL 


DEVICE 
OF 


THE SWITCH 


Transistor Count ....•.•..........•.•.............. 
485 


Die Dimensions ..................•.•..... 
159 x 84 mils 


Substrate Potential' 
-VSUPPL Y 
Process 
CMOS-DI 


Thermal Constants (OCIW) 
eja 
ejc 


Ceramic DIP 
50 
18 


Ceramic LCC 
81 
40 


*The 
substrate 
appears 
resistive 
to the -VSUPPLY 
terminal, 
therefore 
it may 


be left floating 
(Insulating 
Die 
Mount) 
or it may 
be mounted 
on a conductor 


at -VSUPPL 
y potential. 
• 


• Low 
On Resistance 
(Typ) 
1800 


• Wide 
Analog 
Signal 
Range 
±15V 


• TTLJCMOS 
Compatible 
...•.•.•.•.• 
2.4V 


(Logic 
"1") 


• Fast 
Access. 
. . • . . . . . . . . . . . . . . . •. 
250ns 


• Fast Settling 
(0.01%) 
•.•.•....... 
600ns 


• 44V 
Maximum 
Power 
Supply 


• Break-Belore-Make 
Switching 


• No 
Latch-Up 


• Replaces 
DG508A1DG508AA 
and 
DG509A1DG509AA 


• Data 
Acquisition 
Systems 


• Precision 
Instrumentation 


• Demultlplexlng 


• Selector 
Switch 


"'-~UIS/~U~ 


Single 8/Differential 
4 Channel 
CMOS Analog Multiplexers 


Description 


These 
monolithic 
CMOS 
multiplexers 
each 
include 
an array of eight 
analog 
switches, 
a 
digital 
decode 
circuit 
for channel 
selection, 
a voltage 
reference 
for 
logic thresholds, 
and 
an ENABLE 
input 
for device 
selection 
when 
several 
multiplexers 
are present. 


The Dielectric 
Isolation 
(DI) process 
used 
in fabrication 
of these 
devices 
eliminates 
the 
problem 
of 
latch-up. 
Also, 
DI 
offers 
much 
lower 
substrate 
leakage 
and 
parasitic 
capacitance 
than 
conventional 
junction-isolated 
CMOS 
(see 
Application 
Note 
521). 
Combined 
with the low ON resistance 
(1800 
typical), these benefits allow low static 
error, 
fast channel 
switching 
rates, 
and fast settling. 


Switches 
are 
guaranteed 
to 
break-before-make, 
so 
that 
two 
channels 
are 
never 
shorted 
together. 


The switching 
threshold 
for each 
digital 
input 
is established 
by an. internal 
+5V 
refer- 
ence, 
providing 
a guaranteed 
minimum 
2.4V for "1" 
and 
maximum 
0.8V 
for "0". 
This 
allows 
direct 
interface 
without 
pull-up 
resistors 
to signals 
from 
most 
logic 
families: 


CMOS, 
TTL, 
DTL and 
some 
PMOS. 
For protection 
against 
transient 
overvoltage, 
the 
digital inputs 
include 
a series 2000 
resistor and a diode clamp to each supply. 


The 
HI-50s 
is an eight 
channel 
single-ended 
multiplexer, 
and 
the 
HI-509 
is a four 
channel 
differential 
version. 
Each device 
is available 
in a 16 pin Plastic 
or Ceramic 
DIP, 


a 20 pin Plastic 
Leaded 
Chip 
Carrier 
(PLCC) 
or 20 pad Ceramic 
Leadless 
Chip 
Carrier 
(LeG). 
If input 
overvoltage 
protection 
is 
needed, 
the 
HI-548/549 
multiplexers 
are 
recommended. 


The HI-508/509 
is offered 
in both commercial 
and 
military 
grades, 
suitable 
for space- 
craft/military 
applications. 
For additional 
Hi-Rei 
screening 
including 
160 hour 
burn-in, 
specify 
the "-8" 
suffix. 
For further 
information 
see Application 
Notes 
520 and 521. 
For 
MIL-STD-883 
compliant 
parts, 
request 
the HI-508/883 
or HI-509/883 
data 
sheets. 


Pinouts 
H11-508 
(CERAMIC 
DIP) 
H13-508 
(PLASTIC 
DIP) 
TOP 
VIEW 


AD 


ENABLE 


-VSUPPlY 


IN 1 
IN' 
IN 3 


IN 4 


OUT 


A, 
A, 


GNO 


+VSUPPlY 
IN 5 


IN 6 


IN 1 
IN' 


H14-508 
(CERAMIC 
LCC) 
HI4P508 
(PLCC) 
TOP 
VIEW 


~l~~r_ 
:..1...8 GNO 


[1] 
+VSUPPlY 


~1~ 
Ne 
c- 
:..'_5 IN 5 


[(4 
IN6 


~l'J~ 


IN 1 ~J 


Ne ~J 


IN 2 ?J 


IN 3 iJ 


HI1-509 
(CERAMIC 
DIP) 
H13-509 
(PLASTIC 
DIP) 
TOP 
VIEW 


AD 


ENABLE 


-VSUPPLY 


IN lA 


IN 2A 


IN 3A 


IN 4A 


OUT A 


1N2 
l ___ 
• 
DECODERI 
• 


DRIVER 
• 
IN, 
L ___ 


A, 


GNO 


+VSUPPlY 
IN 18 


IN 28 


IN 38 


IN 48 


OUT 
B 


H14-509 
(CERAMIC 
LCC) 
HI4P509 
(PLCC) 
TOP 
VIEW 


INIA •• 
IN 4A 
~1~~r- 
:,,1_8 +VSUPPLY 
[(! 
IN 18 


~I~ 
Ne 
c- 
L1..5 IN 28 


[(4 
IN 38 


INIB •• 


IN IA ~J 


Ne ~J 


IN2A 
!J 


IN JA iJ 


Absolute Maximum Ratings 
(Note 
1) 


VSUPPl 
y(+) 
to VSUPPl 
Y(_) ....................••........ 
44V 


VSUPPlY(+)toGND 
............•••.....••••....•........ 
22V 


VSUPPl 
Y(-) to GND 
..........••......••................. 
25V 


Digital 
Input 
Overvoltage 


+VEN, 
+VA 
. 
+VSUPPlY 
+4V 


-VEN, 
-VA· 
-VSUPPl 
Y -4V 


or 20mA, 
whichever 
occurs 
first 


Analog 
Signal 
Overvoltage 
(Note 
7) 


+VS 
. .................•....... 
+VSUPPl 
Y +2V 


-VS 
.........•...............•.......••..... 
-VSUPPl 
Y -2V 


Continuous 
Current,S 
orO: 
................•... 
.20mA 


Peak Current, 
S or 0 


(Pulsed 
at 1ms, 10% duty cycle 
maxI: 
. 
40mA 


Junction 
Temperature 
+175OC 


Operating 
Temperature 
Ranges: 


HI-508/509-2,-8 
...............•........ 
-"55OCto+125OC 


HI-508/509-4 
.................•.......... 
-250C 
to +850C 


HI-508/509-5 
... 
.. ... 
OOC to +75OC 


Storage 
Temperature 
Range 
-650C 
to +1500C 


Electrical Specifications 
Unless 
Otherwise 
Specilied: 


Supplies 
= +15V, 
-15V; 
VAH 
(logic·level 
High) = +2.4V; 


VAL (logic 
level 
low) 
= +O.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 


HI·S08IHI·509 
HI·SOB/S09 
-2, 
-8 
-4, 
-5 


PARAMETER 
TEMP. 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
NITS 
TRUTH 
TABLES 
ANALOG 
CHANNEL 
CHARACTERISTICS 


'VS, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 
HI·50S 


'RON, 
On Resistance 
(Note 2) 
+25°C 
180 
300 
180 
400 
lJ 
Full 
400 
500 
lJ 


6RON, 
Any Two Channels 
+25°C 
5 
5 
% 
"ON" 
'IS (OFF), Off Input leakage 
Current 
(Note 3) 
+25°C 
0.03 
0.03 
nA 
A2 
A1 
Ao 
EN 
CHANNEL 
Full 
50 
50 
nA 


'10 (OFF), Off Output 
leakage 
Current (Note 3) 
+25°C 
03 
03 
nA 
X 
X 
X 
l 
NONE 


HI-50s 
Full 
200 
200 
nA 
l 
l 
l 
H 
1 


HI-509 
Full 
100 
100 
nA 
l 
l 
H 
H 
2 


'10 (ON), On Channel 
leakage 
Current 
(Note 3) 
+25°C 
0.3 
03 
nA 
l 
H 
l 
H 
3 


HI-508 
Full 
200 
200 
nA 
l 
H 
H 
H 
4 


HI-509 
Full 
100 
100 
nA 
H 
l 
l 
H 
5 


'IDIFF, 
Differential 
Off Output 
leakage 
Current 
Full 
50 
50 
nA 
H 
l 
H 
H 
6 


(HI-509 Only) 
H 
H 
l 
H 
7 


DIGITAL INPUT 
CHARACTERISTICS 
H 
H 
H 
H 
8 


'VAL, 
Input Low Threshold 
Full 
OB 
OB 
V 


'VAH" 
Input High Threshold 
Full 
2.4 
2.4 
V 


'IA 
Input leakage 
Current 
(High or low) 
(Note 4) 
Full 
1D 
1.0 
pA 
HI·509 
SWITCHING 
CHARACTERISTICS 


'tA, Access 
Time 
+25°C 
250 
500 
250 
ns 
Full 
1000 
1000 
ns 
"ON" • 


'tOPEN, 
Break-Belora-Make 
Interval 
+25°C 
25 
80 
25 
80 
ns 
A1 
Ao 
EN 
CHANNEL 
'tON 
(EN), Enable Turn-Cn 
+25°C 
250 
500 
250 
ns 
PAIR 
Full 
1000 
1000 
ns 
X 
X 
l 
NONE 


'tOFF 
(EN), Enable 
Turn-Qlf 
+25°C 
250 
500 
250 
ns 
l 
l 
H 
1 
Full 
1000 
1000 
ns 
l 
H 
H 
2 
ts, Settling Time to 0.1% 
+25°C 
360 
360 
ns 
H 
l 
H 
3 


to 0.01% 
+25°C 
600 
600 
ns 
H 
H 
H 
4 
"Off Isolation" 
(Note 5) 
+25°C 
50 
68 
50 
68 
dB 
Cs (OFF), Channel 
Input Capacitance 
+25°C 
5 
5 
pF 
CD (OFF), Channel 
Output 
Capacitance 
HI-50s 
+25°C 
22 
22 
pF 
HI-509 
+25°C 
11 
11 
pF 
CA, Digital Input Capacitance 
+25°C 
5 
5 
pF 
CDS (OFf). 
Input to Output 
Capacitance 
+25°C 
.08 
.08 
pF 


POWER 
REQUIREMENTS 


'1+, Positive Supply 
Current 
(Note 6) 
Full 
1.5 
2.4 
1.5 
2.4 
mA 


'1-, 
Negative 
Supply 
Current (Note 6)) 
I 
Full 
0.4 
1 
0.4 
1 
mA 
PO, Power Dissipation 
I 
Full 
51 
51 
mW 


·100% tested for Dash a Leakage currents not lested at _55°C. 


NOTES: 


1. 
Absolute 
maximum 
ratings 
are 
limiting 
values, 
applied 
individually, 
be- 
5. VEN = O.8V, RL = 1K, CL = 15pF. Vs = 7VRMS' f = 100kHz. Worst case 
yond 
which 
the 
serviceability 
of the 
circuit 
may 
be 
impaired. 
Functional 
isolation 
occurs 
on channel 
4 due 
to proximity 
of the 
output 
pins. 
operation 
under 
any 
of these 
conditions 
is not necessarily 
implied. 
6. VEN, VA = OV or 2.4V. 


2. Your 
= ±10V, lOUT = -lmA. 
7. Signal 
voltage 
at any analog 
input or output 
(5 or 0) will be clamped 
to the 
3. Ten 
nanoamps 
is the practical lower limit for high 
speed 
measurement 
in 
supply 
rail by internal 
diodes. 
Limit 
the 
resulting 
current 
as shown 
under 
the 
production 
test 
environment. 
absolute 
maximum 
ratings. 
If an overvoltage 
condition 
is anticipated 
(ana- 
4. Digital 
input leakage 
is primarily 
due to the clamp 
diodes 
(see 
Schematic). 
log input 
exceeds 
either 
power 
supply 
voltage), 
the 
Harris 
HI-S48/549 
Typal 
leakage 
is less 
than 
1 nA at 25OC. 
multiplexers 
are 
recommended. 
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Performance Characteristics and TestCircuits 
ON RESISTANCE vs. 


Unless Otherwise Specified; TA = 25°C, VSupply = ±15 V, 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = 2.4 V, VAL = 0.8 V. 
~9 
TEST CIRCUIT 


RON:~ 
NO.1 
IN~ 
'mA 


~k --<J 


OUT 


ON RESISTANCE 


/ 
V1N 


= 
vs. ANALOG INPUT VOLTAGE,TEMPERATURE 


400 
I 
I 
NORMALIZED ON RESISTANCE 


vs. SUPPLY VOLTAGE 
I 
I 
2.2 


+1250ciTA~-550C 
~ 
300 
I 
I 
...... 
'E 2.0 
- 


.• 
VIN 
=- OV 
J 200 


TA" 
t1250C, - 
.- 


~1.8 " 


TA 
= t250C 
-- 


........... 
;; 
1.6 
...•..... 
- 


~ 
1.4 
5100 
> 
'""- 
TA:;: 
-550C 
; 
1.2 


~ 
1.0 
- 


0 
-'5 
-'0 
-5 
0 
.5 
"0 
•• 5 
~ 
0.8 


VIN Anillog 
InputlVolttl 
0.' 
!7 
•• 
•• 
!10 
!11 
:!:12 
!13 
"!l• 
:!:IS 


Supply 
Voltage (Volls) 


LEAKAGE CURRENT VS. TEMPERATURE 
TEST CIRCUIT 
TEST CIRCUIT 
IDOnA 
NO.2· 
NO.4· 
ft31".. 
/ 


OUT 


~ 


IDnA ~ 
Off Output 
; 
A 
IO(OFF) 
lS(OFFI 
A 
! 


F===-ltakage 
Currenl 


~. 
IO(ofIl-~IOIO"- 
:t10V-=- 
• 
±10V-=- 
-=- ±10V 
I _ 
EN 
+0.8V 
onle~tr 
J- 
~ 
Current 
~J .,0V 


/ 
/ 
u 
',A 
TEST CIRCUIT 
I 
- 
NO.3· 


/ I' 
~:~~:eu~urrent- 
L 
/ 
IS (Oft) 
F~ 


OUT 
lOOpA 


+10,,1 


EN 
A 
lolONI 


1/ 
_ 
±lOV 
-=f 
~ 
·Two measurements per channel: 
+2.o4V 


!OpA 
+10 V/-10 V and 
-10 
V/+l0 
V. 


25' 
50' 
75' 
100° 
1250 
(Two measurements 
per device 
for IO(OFF): 


hmperiitureOC 
+10 V/-10 
V and 
-10 
V/+10 
V.) 


LOGIC THRESHOLD 
POWER SUPPLY CURRENT 
OFF ISOLATION vs. 
vs. POWER SUPPLY VOLTAGE 
vs. TEMPERATURE 
FREQUENCY 


4 
3.0 
100 


7 
!lo,. 
'"1111 


~ 
;( 
80 ~I 


3 
.§ 
- 
.• 


2.0 


J 
~ 
~ 


60= 
- 
~ 
2 -f- 
E~ 
5V 
,L. 


,,"~,,ij'. 


.3 
I 
9 
40 
1 


1.0 
~ c 
- 
I 
EN'" 
OV 
~~ 20 


11.11111 
CLOAO:: 
28pF 


0 
0 
o 
~i ,""" 


±6 •• 
!IO 
!\2 
!14 
!16 
!18!20 
-55-35-15 
-5 
25 
45 
65 
85 
105125 
104 
105 
106 
'07 


Powe, Supply Voltage (VoltsJ 
Temperature 
(OCI 
Frequency 
(Hz) 


Performance 
Characteristics 
and Test Circuits 
(continued) 


ON CHANNEL CURRENT vs. VOLTAGE 
TEST 


« :: 
T~' .5d::±=- 
C~gUJT 


E 
50 
J 
40 
I~;::-~:r 
TA·t 


50C 


30 
~V......- 
TA"1250C- 


420 
'/.- 
I 
I 


+'10 
~ 
I 


oP' 
I 


o 
±2 
!4 
!6 
!tI 
!1O 
!12 
!14 
!16 


VIN 
- Vollage 
Across 
Swllch 


VSupply 
"!15",-/ 


VS''':'';lOV,VI 


I 
/ 


... 


E 
400 


i=;: 
....... 
:i 
200 
:5 


02 
3 


3.5V 
ADDRESS 


50% r-\ 
DRIVE (VAl fN 


~ 
--'--- 


~ 
OUTPUT 


: 
~'1fN 
I 
I 
I 


--+1 
tA 
I+-- 


TEST 
CIRCUIT 
NO.6 


ON CHANNEL CURRENT 
vs.J(QLTA~ 


''"~ 


SUPPLY CURRENT 
vs. TOGGLE F£~:~CYt +ISUPPLY 


I~~--0 
±1ll'±5V 


IN 2 


H 1-508 T~:~i 
~ 
IN.~,--o=Flll'=FSV 


OUT 
-v 


V 
E 


A2 
@ 
500 
~ 


...L 
__ 
-'0- EN 
-= 
-= 
3.5V 
GNui 
l~nl;f 


A 
-ISUPPLY 
~ 
{ 


Hi,h 
"J.SV 


VA 
low~OV 
S~ 
OUTY CYCLE 


ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 


~ 
+15V 


_. 
v+ 
IN1 -<:>±1O'J 


E 


"Z 
IN2THRUIN_~ 
~ 


Al 
H 1-508 
_-= 
AD 
IN B. ~=FlfN 
PROBE 


5lA'.~ 
EN "HI-50S 
OUT 
r- - - - 
--, 


-= 
35V r b 
'¥::: 
1 
J 
-15V 
I 
I 
- 
I 
-= 
I 
·Similar connection for HI-509 
L 
- 
- 
--~ 


TEST 
CIRCUIT 
NO.7 


ACCESS TIME 


I 


__ 
VAINPUT 
1"'" 
I 
• 


eno 
Switching 
Waveforms (continued) 
It)coo 
It)..:. 
:I: 


TEST 
CIRCUIT 
NO.8 


BREAK-BEFORE-MAKE 
DELAY(tOPEN) 


I 
f- 


VA 
INPUT 
jVfOIV 


5, ON 
S 8 ON 


I 


OUTPUT 
_ I- - 
iV/DIY 


v 
I 
I 


3.5V 


r-IAODRESS 


~ 
~VEIVA) 


ENABLE DELAY 
(tON(EN),tOFF(EN)) 
I 


f- 
ENABLE 
~ 


DRIVE 


2V(DIV 


I 


~S2THRJS8 


SION 


OUTPUT 
- f- 


10FF 


I 
12VJoIV. 


I 


~ 


OUTPUTA 


50% 
50% 


I 
I 


-+< 
t+- 


tOPEN 


TEST 
CIRCUIT 
NO.9 


ENABLE DELAY (tON(EN),tOFF(EN) 
5~- --\1 
I 
••••.••_-ov- 


I 
1 


~ 


O% 
OUTPUT 
A 


I 
I 
I 
I 
I 
90" 


-->j 
'OrflENI 
~ 
I 
'OFF 
I 


I 
I 
--+1 
(EN) 1""'- 


Delete A2 or A2 
Input for HI-S09 
All N-Channel Bodies to V- 
Ail P-Channel Bodies to V+ Unless Otherwise Indicated 


Schematic 
Diagrams (continued) 


TIL REFERENCE CIRCUIT 


1- 
- 
· 
OUT 
· 
A2 
·· 
A1 
·· 
9 


AO ___ 


EN 
- 
4 
HI-S0a 
~. 
OUT 
· 
A2 
·· 
A1 
· 
Ao 
_. 
9 
~ 
EN 
- 
4 
HI-S0a 
.V-. 
OUT 
·· 
A2 
· 
A1 
~ 
AO 
EN 


4 
HI-S0a 
.~ 
OUT 
31 4/ 
1 
· 
A2 
2T 
a 
7 
6 sf 
·· 
A1 
200 
· 
AO 
HA-240S 
oi 
10 
EN 
PRAM 
OUT 


41 
7 
OUTP 
6 
1 
DO 
D1 
EN 
CaMP 


A 
10 
- 
1SpF 
402aA 
B 13 
DECODER" 
C 12 


C 
C 
) 
( 
( 
\ AO 
A1 
A2, 
A3 
A4. 
SYSTEM 
ENABLE 


CHANNEL 
SELECT 
·Optional; 
Provides Greater 
Isolation for AC Signals. 


• 


eno 
Applications 
(continued) 


~o 
II) 
...l. 
::I: 


Transistor Count 
243 


Die Dimensions 
81.9 x 90.2 mils 


Substrate Potential' 
-VSUPPL Y 


Process 
CMOS-D1 


Thermal Constants (OC/W) 
Sja 
Sjc 


Ceramic DIP 
110 
41 


Plastic DIP 
80 
31 


Ceramic LCC 
82 
24 


*The 
substrate 
appears 
resistive 
to the -VSUPPLY 
terminal, 
therefore 
it may 


be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a conductor 


at -VSUPPL y potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


Hll-0S08-S 
OoC1o +7SoC 
16-Pln 
CERDIP 


HI3-0S08-S 
OOCta +7SoC 
16-Pln 
Plastic 
DIP 


Hll-0S08-4 
-2SoC 10+8SoC 
16-Pln 
CERDIP 


Hll-0S08-2 
-SSoelo+12Soe 
16·Pln 
CERDIP 


HI4POS08-S 
Ooelo+7Soe 
20-Pln 
PLCC 


Hll-0S08-7 
DOC10 + 7Soe + 96 Hr. Burn-In 
16·Pln 
CERDIP 


HI9POS08-9 
-4DOe 10+8Soe 
16-Pln 
SOIC 
HI9POS08-S 
OOeta +7soe 
16·Pln 
SOIC 


Hll-0S09-4 
-2soe 
10 +8soe 
16-Pln 
CERDIP 


Hll-0S09-S 
ooe1o 
+7Soe 
16·Pln CERDIP 
HI3-0S09-S 
OOeto+7Soe 
16·Pln 
Plastic 
DIP 
HI4POS09-S 
OOC1o +7SoC 
20-Pln 
PLCC 
Hll-0S09-2 
-ssoe 
10+ 12Soe 
16-Pln 
CERDIP 
Hll-0S09-7 
DOC10 +7Soe 
+ 96 Hr. Burn-In 
16-Pln 
CERDIP 


mHARRIS 


• Analog 
Overvoltage 
Protection; 
.. 
70V p_p 


• No Channel 
Interaction 
During 
Overvoltage 


• ESD Resistant 
> 4,OOOV 


• 44V 
Maximum 
Power 
Supply 


• Fall 
safe 
with 
Power 
Loss 
(No 
Latch-Up) 


• Break-Before-Make 
Switching 


• Analog 
Signal 
Range 
±15V 


• Access 
Time 
(Typical) 
_ 
_. 
500ns 


• Standby 
Power 
(Typical) 
7.5mW 


• Data 
Acquisition 


• Industrial 
Controls 


• Telemetry 


HI-50BA/509A 


Single 8/Differential 
4 Channel CMOS Analog 
Multiplexers with Active Overvolta.ge Protection 


Description 


The HI-508A 
and HI-509A 
are analog 
multiplexers 
with 
Active 
Overvoltage 
Protection. 
Analog 
input 
levels 
may greatly 
exceed 
either 
power 
supply 
without 
damaging 
the de- 
vice or disturbing 
the signal 
path of other 
channels. 
Active 
protection 
circuitry 
assures 
that 
signal 
fidelity 
is maintained 
even 
under 
fault 
conditions 
that 
would 
destroy 
other 
multiplexers. 
Analog 
inputs 
can 
withstand 
constant 
70 
voll 
peak-to-peak 
levels 
and 
typically 
survive 
static 
discharges 
beyond 
4,000 
volts. 
Digital 
inputs 
will 
also 
sustain 
continuous 
faults 
up to 4 volts greater 
than either 
supply. 
In addition, 
signal 
sources 
are 
protected 
from 
short 
circuiting 
should 
multiplexer 
supply 
loss 
occur; 
each 
input 
pre- 
sents 
1kO 
of resistance 
under 
this 
condition. 
These 
features 
make 
the 
HI-508A 
and 
HI-509A 
ideal 
for 
use 
in systems 
where 
the 
analog 
inputs 
originate 
from 
extemal 
equipment 
or separately 
powered 
circuitry. 
Both 
devices 
are fabricated 
with 
44 
volt 
dielectrically 
isolated 
CMOS 
technology. 
The HI-508A 
is an 8 channel 
device 
and the 
HI-509 
is a 4 channel 
differential 
version. 
If input 
overvoltage 
protection 
is not needed. 


the 
HI-508 
and 
HI-509 
multiplexers 
are 
recommended. 
For 
further 
information 
see 
Application 
Notes 
520 
and 
521. 


Each device 
is available 
in a 16 pin Plastic 
or Ceramic 
DIP and a 20 pad Ceramic 
LCC 
package. 


The HI-508A/509A 
are offered 
in both 
commercial 
and military 
grades. 
Additional 
Hi- 
Rei screening 
including 
160 hour burn-in 
is specified 
by the "-8" 
suffix. 
For MIL-STD- 
883 
compliant 
parts, 
request 
the HI-548/883 
or HI-549/883 
data 
sheets. 


Pinouts 
H11-508A 
(CERAMIC 
DIP) 
H13-508A 
(PLASTIC 
DIP) 
TOP 
VIEW 


H11-509A 
(CERAMIC 
DIP) 
H13-509A 
(PLASTIC 
DIP) 


TOP 
VIEW 


Functional 
Diagrams 


IN! 
" 
, 
OUT 


,- 


IN' 
" 
, 
l ___ 
• 
' , 
DECODERI 
, , 


DRIVER 
• 
' , 
• 


' , 
, , 


1N8 
" 


, , 


AD 
A, 
AD 
A, 


ENABLE 
A2 
ENABLE 
GND 


-VSUPPlV 
GND 
·VSUPPl 
Y 
+VSUPPLY 


IN' 
-+VSUPPlY 
IN lA 
IN 18 


IN 2 
IN 5 
IN 2A 
IN 28 


IN 3 
IN 6 
IN 3A 
IN 38 


IN 4 
IN 1 
IN 4A 
IN 48 


OUT 
IN 8 
OUT A 
OUT 
B 


I J I •2' 
I 
I '20' 
_..,1,. • .1 l..oJ I,. I..J 


~~ 
l_J 
~~~r- 


~1..8 GND 
[(! 
+VSUPPl 
Y 


[1~ Ne 
[1j IN5 


[l} 
IN6 


IN 1 ~J 


Ne ~J 


IN2 
!J 


IN 
J iJ 


cz~ 
~~~ 
INI" 
[~ 
• 
+VSUPPl 
Y 
• 
r- 
IN4A 
L'] 
IN 18 
[~ 
NC 
INIS • 
[1~IN 28 
• 
[~4 IN 3B 
IN4B 


'13' 
=z 


13' 
'2' 
I 
I '20' 
_..,1. • .1 L.oJ 1,1 
I..J 


~~ 
l.._J 


IN lA ~J 


Ne ~J 


IN2A zJ 


IN JA iJr-, ..-, r-, ,.-, 
'91 
'10' '11"12' 
•• 
•• 
u 
: 
~ 
z § 
• 


Absolute 
Maximum Ratings 
(Note 
1) 


VSUPPLY(+)tOVSUPPLY(-) 
........................•..... 
44V 


VSUPPL Y(+) to GND 
..........••...•.•.•....•••.....•.... 
22V 


VSUPPL Y(_) to GND 
.• .. .. 
.. 
25V 


Digital 
Input 
Overvoltage 


+VEN, 
+VA.... 
+VSUPPLY 
+4V 


-VEN,-VA······· 
.. ················ 
-VSUPPLy-4V 
or 20mA, 
whichever 
occurs 
first 


Analog 
Signal 
Overvoltage 
(Note 
7) 


+VS 
+VSUPPLY 
+20V 


-VS' 
..........•................••........ 
-VSUPPL 
Y -20V 


Continuous 
Current, 
S or 0: .................•.•..•.•.... 
20mA 


Peak 
Current, 
S or 0 


(Pulsed 
at 1ms,10%dutycyclemax): 
......••••........ 
40mA 


Junction 
Temperature 
+1750(; 


Operating 
Temperature 
Ranges: 


HI-508N509A-2,-8 
..............•....... 
-550(; 
to +1250(; 


HI-508N509A-4. 
. . . . . . . . .. .. . . . .. . . . .. ... 
-250C 
to +850C 


HI-508N509A-5 
................••........... 
00(; 
to +750(; 


Storage 
Temperature 
Range 
-650C 
to +15()OC 


Electrical Specifications 
Unless 
Otherwise 
Specilied: 


Supplies 
= +15V, 
-15V; 
VAH (Logic 
Level 
High) = +4.0V; 


VAL (Logic 
Level Low) = +0.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 


HI-508AlH1-509A I 
HI·508AI509A 


-2, -8 
-5 


TEMP. 
MIN. 
TYP. 
MAJ... MIN. 
TYP. 
MAX. 
UNITS 
PARAMETER 


ANALOG 
CHANNEL 
CHARACTERISTICS 


'VS, Analog 
Signal 
Range 


'RON, 
On Resistance 
(Note 2) 


'IS (OFF), Off Input Leakage 
Current 
(Note 3) 


'10 (OFF), Off Output 
Leakage 
Current 
(Note 3) 
HI-50BA 
HI-509A 


'ID(OFF) 
with Input Overvoltage 
Applied 
(Note 4) 


'10 (ON), On Channel 
Leakage 
Current 
(Note 3) 
HI-50BA 
HI-509A 
IDIFF. Differential 
Off Output 
Leakage 
Current 


(HI-509A Only) 


DIGITAL INPUT CHARACTERISTICS 


'VAL, 
Input Low Threshold 
(Note 8) 
'VAH" 
Input High Threshold 


'IA 
Input Leakage 
Current 
(High or Low) (Note 5) 


SWITCHING 
CHARACTERISTICS 


'tA, Access 
Time 


'tOPEN, 
Break-Belora-Make 
Delay 


'tON 
(EN), Enable 
Delay (ON) 


'toFF 
(EN), Enable 
Delay (OFF) 


Settling 
Time (0.10",) 
(0.01%) 


"OFF 
Isolation" 
(Note 6) 
Cs (OFF), Channel 
Input Capacitance 
CD (OFF), Channel 
Output 
Capacitance 
HI-508A 
HI-509A 
CA, Digital Input Capacitance 
CDS (OFF). Input to Output 
Capacitance 


POWER 
REQUIREMENTS 


PO, Power Dissipation 
'1+, Current 
(Note 7) 


'1-, 
Current 
(Note 7) 


·100% tested for Dash 8. leakage currents not lested at -55°C. 


Full 
-15 
+25°C 
1.2 
Full 
1.5 
+25°C 
0.03 
Full 


+25°C 
0.1 
Full 
Full 
+25OC 
4.0 
Full 
+25°C 
0.1 


Full 
Full 
Full 


+25°C 
Full 
+25°C 
25 
+25°C 
Full 
+25°C 
Full 
+25°C 
+25°C 
+25°C 
50 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


NOTES: 
1. Absolute 
maximum 
ratings are limiting values, appHed individually, 
be· 
yond whk;h the serviceability 
of the circuit may be impaired. Functional 


operation under any of these conditions 
is not necessarily implied. 
2. VOUT = ±10V, lOUT = -100"". 
3. Ten nenoamps is the practical lower limit for high speed measurement in 
the production 
test environment. 


4. Analog Overvoltage = ±33V. 


+15 
-15 
+15 
1.5 
1.5 
1.8 
1.8 
1.8 
2.0 


0.03 
50 
50 


200 
200 
100 
100 
50 
50 


0.5 
IJS 
1.0 
IJS 


80 
ns 
300 
ns 
1000 
ns 
300 
ns 
1000 
ns 


1.2 
IJS 
3.5 
IJS 


68 
dB 


5 
pF 
25 
pF 
12 
pF 
5 
pF 
0.1 
pF 


80 
25 
300 
500 
1000 
300 
500 
1000 
1.2 
3.5 
68 
50 
5 
25 
12 
5 
0.1 


7.5 
0.5 
2.0 
0.02 
1.0 


7.5 
mW 
0.5 
2.0 
mA 
0.02 
1.0 
mA 


0.8 
V 
V 
1.0 
pA 


A2 
A1 
AD EN 
X 
X 
X 
L 


L 
L 
L 
H 


L 
L 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 


H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
L 
H 


H 
H 
H 
H 


X 
X 
L 
L 
L 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 


"ON" 


CHANNEL 


NONE 


1 
2 
3 
4 
5 
6 
7 
8 


"ON" 


CHANNEL 
PAIR 


NONE 
1 
2 
3 
4 


5. 
Digital 
input 
leakage 
is primarily 
due 
to the clamp 
diodes 
(see 
SChematic). 


Typical leakage is less than 1nA at 250C. 
6. VEN = O.BV,RL ~ 1K, CL = 15pF, Vs = 7VRMS. f = 100kHz. Worst Case 
isolation occurs on channel 4 due to proximity of the output pins. 


7. 
VEN. 
VA = OV or 4.QV. 
8. 
To drive 
from 
DTL/TTL 
Circuits, 
1 kO 
pull-up 
resistors 
to +5.0V 
supply 
are 
recommended. 


Performance Characteristics and Test Circuits 
ON RESISTANCE 
ys. 


Unless 
Otherwise 
Specified 
TA = 25°C, 
VSupply 
= 
±15V, 
INPUT 
SIGNAL 
LEVEL, 
SUPPLY 
VOLTAGE 
VAH = 
+4V,VAL 
= 0.8 V 
..-::'OOIlA 


TEST 
CIRCUIT 
R 
_ 
V2 
NO.1 
ON- 
100llA 
•• 
V2- 
f-----o 


IN 
~t f-----o 
OUT - 


/' 
V'N 
-=:-- 


ON RESISTANCE 
NORMALIZED 
ON 
RESISTANCE 
Ys. ANALOG 
INPUT 
VOLTAGE 
Ys. SUPPLY 
VOLTAGE 
,.. 


'.3 
fA" ~1250C 
~ ~ 
1.5 
+12SoC.?:T 
A ?:-550C 
_ 


VIN :+5V 


c:1.2 
.;~, 
1.4 
.....• 
" 
-- 
~ 
1.1 
: 
~ 
1.3 
"'" 
11.0 
TA =+250C 
i~ 
1.2 


:. 
0.9 
TA = -55°C 
~ g 
1.1 


...••.•.. 


e5 0.8 
I 
E~ 
......'-- 
-. 
I 
;..! 
1.0 


~ 
0.9 
I 
0.8 
-'0 
-8 
-6 
-4 
-2 
0 
2 
• 
6 
8 
'0 
t.i 
t.i 
±7 
±8 
~ 
±10 
±11 
±12 
±13 
±14 
t15 


V1N -Analog 
Input 
(Volts) 
Supply 
Voltage- 
Volts 


LEAKAGE 
CURRENT 
VS. TEMPERATURE 
TEST 
CIRCUIT 
TEST 
CIRCUIT 
100nA 
NO.2" 
NO.3" 
~- 


LEAKAGE 
OUT 


~ 


! 
A 
IclOFFI 


IstOFFI 
A 
i 


±lOV -=- 
: 


FF OUTPUT 
/ 
±10V -=- 
-=- :j:"10V 
I-=-_ 
EN 
+O.8V 
J 


CURRENT 
7' 
~ 
~ 
~f5~~~- '-V /' 


-=- * .10V 
f ", 


'alaN) " 


'" 
TEST 
CIRCUIT 
NO.4" 
"'Twomeasurements per channel: 
+10 V/-10 Yand 
-10 V/+10 V. 


./ 


e~~~~TCURRENT - 
(Two meaSUrements per cfevice for IO(OFF): 


/ 7 
l 


+10 V/-10 V and -10 V/+10 V.) 
IS10f~ 


'000' 
...r> 
F~ 


OUT 


+10vl 


EN 
A 
IOIONI 


~±10V 


100' 
~ 
f 
25' 
50' 
75' 
100' 


Temperature 
-"C 
+4V 


ANALOG 
INPUT 
TEST 
CIRCUIT 
OVERVOLTAGE 
CHARACTERISTICS 
NO.5 
~I 
ANALOG 
INPUT 
118 
OVERVOLTAGE 
CHARACTERISTICS 


~ 15 dl 
I 
I.- 


~12 ..H- 
ANALOG INPUT 
..•. 7" 17 
CURRENT (IIN~ 
/ 
IIN 
~ 


10 (OFF) 
! 
9 
.!'e 


~ 


3·: c 
A 
i 
6 2.~7 
..•. 
"'" 


~ 
~I 
~ t;.-'" 
OUTPUT 
OFF 
tu 
~31'!r:;; 
lEAKAGE 
CURRENT- 
~ 


0 
IOIOFF) 
-L 


1"15 
!18 
1"21 
1"24 
1"27 
1"30 
t33 
1"36 


VtN 
- An.log 
Input 
Ol/ervottage 
(Volts) 


ON CHANNEL 
CURRENT 
Ys. VOLTAGE 


:t14 
V-55°C 


~ 
t12 
~V 
+2SoC 
E tlO 
j 
~ / 
~+12S0C 


t8 
h~ 


±6 
/:Y......•• 
~ 
/./"~ 
j4 


- 
+2 
~~ 
-1/ 
o 
±6 
t8 
t10 
t12 


V1N 
- Voltage 
Across 
Switch 


ON CHANNEL 
CURRENT 
Ys. VOLTAGE 


SUPPLY 
CURRENT 
ys.TOGGLEFREQUENCY 


900 
- 800 
E 
700 
i= 
§ 
600 
'\ 
:<, 
SOO 
.•••••• 
5- 


400 
'" 


VAH" 
4.0 
ADDRESS 


~ 


RIVEIVAI 


50% 
OV 


1 
- 


+~ 
OUTPUT 
A 
:~ 
I 
I 
-IOV 


I 
I 
_1' 


A 
1_ 


.V 


INI r----o 
±1&i5V 
I., 


'HI-SOBA T~:~: 
.b 


rN8~ 
- 
I l_,-Y 


'Similar 
connection 
for HI-509A 
~-1~-1'" 


ACCESS 
TIME 
Ys. LOGIC 
LEVEL 
(HIGH) 
A, 
r-=- 


~~ 


IN1--0!10V 


IN2THRUIN7~ 


'HI-SOBA 
'.8 
--o"0V"=" 
PROBE 
r-----, 
IQ,.n I 
I 
I 
I 
14pF 
: 
I 
I 
I 
"=" 
I 
L_~_~ 
i 


OUTPUT 
A 


5~/OIVi 


Switching 
Wav,eforms (continued) 


TEST CIRCUIT 
NO.9 


VAW4.0 


r-IAOOREsS 


~ 
~VEIVAI 


~ 


OUTPUT 


SOO,. 
SQ-t. 


, , 


--.< 
..- 


'OPEN 


... 


'N 
I 
'HI-50BA 
'N2 
~ 


THRU 
± 
IN 7 
-= 


IN 
8 
YOUT 


OUT 
.~. :~ 
.n. 
" 
,.. 
~oD 


EN 
~ 
~ 
.ct- 
.to 
~ND 


TEST CIRCUIT 
NO. to 


VAW4.0 


5~- 
- 
- 
-~ 


I 
ov 
I 
1 


~ 


O% 
OUTPUT 
I 
I 
1 
I 
I 
90" 


--->1 tONIENI:- 
I 'OFFI 
t 
I 
~I 
(ENtl~ 


IN 1 --Q+l0V 


~ 


'2 
'HI-508A 
'N 2 


A, 
THRU~ 


--= 
AD 
IN 8 
-=- 


EN 
,i f'" 
"y 


VA 
GND 


J1. 
SOD.J. 


TTL REFERENCE CIRCUIT 
r------- 
---, 
W 
'v.: 
I 
R1Q 
I 
I 
R' 
, 
I 
Ql 
I, 
'Q. 
, 
I 
, 


, 
03 
, 
I 
, 
L 
__ 
G~D 
~ 


r 


J 
V 


\ I 
, I 


EN;.LE 
OR'VE 
2V/OIV, 


\" 


y 
, 


llf1~~rE(-igJ --1EJEP~ ~gJ 
-1gJ ~E): 
LEVEl 


R2 
h ,.--. 
-:.... 
SHIFTED 
T 
}- 
N 
R5 
R1 
. 
I ~ ADDRESS 
~ 
I 
TO DECODE 
_H tJ'3 
R' 
- 
~ 
" 
~ 
Ef1 
\ . 
R6 
R8 
LEVEl 
~ 
SHIFTED 


,; 1 
N 
rEi -1Eh --1~ 
r~f--l yEii -1S1 HE l :. 
~g~~~~SOE 


G~D 
~-: 
L 
J 


OVERVOl 
rAGE 
PROTECTION 
,-----, 
: o~: 
I R'.9' 
I 
1200.0,*' 
I 
I 


I 
01 
I 


I 
v- 
I 
'- 
J 


• 


Transistor Count 
253 


Die Dimensions 
108 x 83 mils 


Substrate Potentia'· 
-VSUPPLY 
Process 
CMOS.-DI 


Thermal Constants (OCIW) 
9ja 
9jc 


Ceramic DIP 
104 
35 
Plastic DIP 
75 
23 


Ceramic LCC 
76 
19 


*The 
substrate 
appears 
resistive 
to the -VSUPPLY 
terminal. 
therefore 
it may 


be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a conductor 


at -VSUPPL y potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


Hll·50SA·5 
OOCto+750C 
16·Pin CERDIP 
HI3·508A-5 
OOCIo+750C 
16·Pln Plastic 
DIP 
-250C 
to +850C 
16·Pin CERDIP 
Hll·50SA·2 
-550C 
to + 1250C 
16·Pin CERDIP 
oOCto 
+750C 
20·Pin 
PLCC 
Hll·50SA·7 
COC to +750C 
+ 96 Hr. Burn-In 
16·Pln CERDIP 


-250C 
to +850C 
16·Pln CERDIP 
Hll·509A·5 
OOCto+750C 
16·Pln CERDIP 
HI3·509A-5 
ooCto 
+750C 
16·Pin Plastic 
DIP 
oOCto 
+750C 
20·Pin 
PLCC 
Hll·509A·2 
-550C 
to +1 250C 
16·Pln CERDIP 
HI1·509A·7 
COc to + 750C + 96 Hr. Burn-In 
16·Pln CERDIP 


m HARRIS 


Features 


• Access Time (Typical) 
....•.................. 
130ns 
• settling 
Time (0.1 %) ••......................• 
250ns 
• Low Leakage 
(Typical) 
• 'S(OFF} 
••..........•..•............•....... 
10pA 
• IO(OFF} ..•....•........•................... 
30pA 
• Low Capacitance 
(Max) 
• CS(OFF) 
.•.•..•.•.•.•.•.•..•..•............ 
10pF 
• CO(OFF) 
.• , .•.•..•.•..•••...•.•............ 
25pF 
• High Off Isolation 
at 500kHz (Mln) ...•......... 
55dB 
• Low Charge Injection 
Error 
............•...... 
20mV 
• Single 
Ended to Differential 
selectable 
(SOS) 
• Logic Level Selectable 
(LLS) 


Applications 


• Data Acquisition 
Systems 
• Precision 
Instrumentation 
• Industrial 
Control 


HI·516 


16 Channel/Differential 
8 Channel 
CMOS High Speed Analog Multiplexer 


Description 


The HI-516 
is a monolithic 
dielectrically 
isolated, 
high 
speed, 
high 
performance 
CMOS 
analog 
multiplexer. 
It 
offers unique built-in 
channel selection decoding 
plus an 
inhibit 
input for disabling 
all channels. The dual function 
of address input A3 enables the HI-516 to be user pro- 
grammed either as a single ended 16-channel multiplexer 
by connecting 
'out A' to 'out S' and using A3 as a digital 
address input, or as an 8-channel 
differential 
multiplexer 
by connecting 
A3 to the V-supply. 
The substrate leakages 
and parasitic 
capacitances 
are reduced substantially 
by 
using the Harris 
Dielectric 
Isolation 
process to achieve 
optimum 
performance 
in both high and low level signal 
applications. 
The low output 
leakage current 
(IDOFF < 


100pA at 250C) and fast settling 
(tSETTLE 
= 800ns to 
0.01%) characteristics 
of the device 
make 
it an ideal 
choice for high speed data acquisition 
systems, precision 
instrumentation, 
and industrial 
process c~>ntrol. 


The HI-516 is available in 28 pin Ceraniic 
or Plastic DIPs 
or in 28 pin Ceramic LCC or PLCC packages. For Mil-Std- 
883 compliant 
parts, request the HI-516/883 
data sheet. 
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INPUT 
BUFFER 
AND 
DECODERS 
MULTIPLEXER 


SWITCHES 


A3 
Q G 


H 
H 
L 


L 
L 
H 


V· 
L 


Absolute 
Maximum 
Ratings 
(Note 
1) 


Voltage 
Between 
Supply 
Pins 
33V 
Analog 
Input 
Voltage 
+VIN 
+VSUPPL Y +2V 
-V IN 
-VSUPPL Y -2V 
Oigital 
Input 
Voltage 
TTL 
Levels 
Selected 
(VOO/LLS 
Pin = GNO or Open) 
+VA- 
+6V 
-VA 
-6V 
+A3/SOS 
+VSUPPL Y +2V 
-A3/SOS 
-VSUPPL Y -2V 


Electrical Specifications 
(Unless 
otherwise 
specified) 
Supplies 
= +15V, -15V; VAH 
(Logic 
Level High) 
= +2.4V, 


VAL (Logic 
Level Low) 
= +0.8V; Voo/LLS 
= GNO. 
(Note 
2) 


HI-516-2, -8 
HI-516-5 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


CMOS 
Levels Selected 
(VOO/LLS 
Pin = VOO) 
+VA 
· 
: 
+VSUPPL Y +2V 
-VA 
-2V 
Junction 
Temperature 
(Max) 
1750C 
Operating 
Temperature 
Ranges: 


HI-516-2, 
-8 
-550C 
to +1250C 
H 1-516-5 
OOC to +750C 
Storage 
Temperature 
Range 
-650C 
to +1500C 


ANALOG CHANNEL CHARACTERISTICS 


VIN, Analog Signal Range(Note 3) 
Full 
-14 
+14 
-15 
+15 
V 


RON, On Resistance(Note 4) 
+250C 
620 
750 
620 
750 
n 


Full 
1,000 
1,000 
n 


IS (OFF), Off Input LeakageCurrent 
+250C 
0.01 
0.01 
nA 


Full 
50 
50 
nA 


IO(OFF), Off Output LeakageCurrent 
+250C 
0.03 
0.03 
nA 
Full 
100 
100 
nA 


IO(ON), On Channel LeakageCurrent 
+250C 
0.04 
0.04 
nA 


Full 
100 
100 
nA 
OIGITAL INPUT CHARACTERISTICS 


VAL Input Low Threshold (TTLl 
Full 
0.8 
0.8 
V 
VAH Input High Threshold (TTLl 
Full 
2.4 
2.4 
V 
VAL Input Low Threshold (CMOS) 
Full 
0.3VOO 
0.3VOO 
V 


VAH Input High Threshold (CMOS) 
Full 
0.7VOO 
0.7VOO 
V 


IAH Input LeakageCurrent (High) 
Full 
1 
1 
JiA 
IAL Current'(Low) 
Full 
25 
25 
JiA 
SWITCHING CHARACTERISTICS 


tA, AccessTime 
+250C 
130 
17.~. 
130 
175 
ns 


Full 
225 
225 
ns 


tOPEN, Break before make delay 
+250C 
10 
20 
10 
20 
ns 
tON(EN), Enable Oelay(ON) 
+250C 
120 
175 
120 
175 
ns 


tOFF(EN), Enable Oelay (OFF) 
+250C 
140 
175 
140 
175 
ns 


Settling Time (0.1%) 
+250C 
250 
250 
ns 


(0.01%) 
+250C 
800 
800 
ns 


ChargeInjection' Error (Note 5) 
+250C 
20 
20 
mV 
Off Isolation (Note 6) 
+250C 
55 
55 
dB 
CS(OFFl. Cllannel Input Capacitance 
+250C 
10 
10 
pF 
CO(OFF), Channel Output Capacitance 
+250C 
25 
25 
pF 
CA, Oigitallnput 
Capacitance 
+250C 
10 
10 
pF 
COS(OFFl. Input to .output Capacitance 
+250C 
0.02 
0,02 
pF 
POWERREUUIREMENTS 


PO, Power Oissipation 
Full 
750 
900 
mW 
1+,Current (Note 7) 
Full 
25 
30 
mA 
1-, Current (Note 7l 
Full 
25 
30 
mA 


NOTES: 1. Absolute 
maximum 
ratings 
are limiting 
values, 
applied 
indi- 
4. VIN - ±10V. lOUT- -100pA 
vidually. 
beyond which the serviceability 
of the circuit may be im- 
5. VIN 
= av. CL = l00pF, 
Enable 
input 
pulse 
= av, f = 500kHz. 


paired. Functional 
operation 
under any of these conditions 
is not 
6. VEN = O.6V.VS = 3VRMS.I = 500kHz. 
CL = 40pF. RL = 1K. 
necessarily 
implied. 
Pin 3 grounded. 
2. VOO/LLS 
pin = 
open 
or 
grounded 
for 
TTL 
compatibility. 
7. VEN= +2.4V 
VOO/LlS 
pin = VOO for CMOS Compatibility 
3. At temperatures 
above 900C. care must be taken to fassure VIN 
remains at least 1.QV below the VSUPPL y for proper operation. 


8-72 


HI-516 
USED AS A 16-CHANNEl 
MULTIPLEXER 
DR 


8 CHANNEL 
DIFFERENTIAL 
MULTIPLEXER' 


USE A3 AS DIGITAL 


ADDRESS INPUT 
DN CHANNEL 
TD 


ENA6lE 
A3 
A2 
Al 
AO 
DUT A 
DUT 6 


l 
X 
X 
X 
X 
NDNE 
NDNE 


H 
l 
l 
l 
l 
lA 
NDNE 


H 
l 
l 
l 
H 
2A 
NDNE 


H 
l 
l 
H 
l 
3A 
N-ONE 


H 
l 
l 
H 
H 
4A 
NDNE 


H 
l 
H 
l 
l 
5A 
NDNE 


H 
l 
H 
l 
H 
6A 
NDNE 


H 
l 
H 
H 
l 
7A 
NDNE 


H 
l 
H 
H 
H 
8A 
NDNE 


H 
H 
l 
l 
l 
NDNE 
16 


H 
H 
l 
l 
H 
NDNE 
26 


H 
H' 
l 
H 
l 
NDNE 
3B 


H 
H 
l 
H 
H 
NDNE 
4B 


H 
H 
H 
l 
l 
NDNE 
5B 


H 
H 
H 
l 
H 
NDNE 
6B 


H 
H 
H 
H 
l 
NDNE 
7B 


H 
H 
H 
H 
H 
NDNE 
8B 


• For 
16-Channel 
single-ended 
function, 
tie 
'out 
A' 
to 


'out 
S', 
for 
dual 8-channel 
function 
use the A3 address 


pin to select between 
MUX 
A and MUX 
8, where MUX 
A 
is selected with A3 low. 


HI-516 
USED AS A DIFFERENTIAL 


8-CHANNEl 
MULTIPLEXER 


A3 CDNNECT TD V- SUPPl Y 
DN CHANNEL 
TD 


ENABLE 
A2 
Al 
AO 
DUT A 
OUT B 


l 
X 
X 
X 
NONE 
NONE 


H 
l 
l 
l 
lA 
lB 


H 
l 
l 
H 
2A 
2B 


H 
l 
H 
l 
3A 
3B 


H 
l 
H 
H 
4A 
4B 


H 
H 
l 
l 
5A 
5B 


H 
H 
l 
H 
6A 
6B 


H 
H 
H 
l 
7A 
7B 


H 
H 
H 
H 
8A 
8B 


Transistor 
Count.. 


Die Dimension 
.. 
. 


Substrate 
Potential' 
. 


Process: 
. 


Thermal Constants 
(OCIW) 


Ceramic 
DIP 


Ceramic LCC 


.....647 


...89 x 146 mils 


.. -VSUPPLY 
.CMOS-DI 


Oja 
8jc 


50 
18 


81 
40 


-The 
substrate 
appears 
resistive 
to the 
-VSUPPLY 
terminal, 
therefore 
it 


may 
be left floating 
(Insulating 
Die Mount) 
orit 
may be mounted 
on aeon- 


ductor 
at -VSUPPLY 
potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI4POS16-S 
OOC1o +7SoC 
28·Pln 
PLCC 
HI3-0S16-S 
OOC1o +7SoC 
28-Pln 
Plasllc 
DIP 
HI1-0S16-S 
OOC1o +7SoC 
28·Pln 
CERDIP 
HI1-0S16-2 
-SSoC 10 +12SoC 
28·Pln 
CERDIP 
• 


TEST CIRCUIT 
NO.1 


ON RESISTANCE 
YS. INPUT SIGNAL 
LEVEL 


±10V -=-1. 


-=-+10V 
T 


OUT 
OUT 


±10V-=- 
A 
IDlON) 
I 


EN 
+O.8V 


-=-+10V 
+10V-=- 
±10V 
-=- 
...L. 
T 
.I. 


-=- 
-=- 
-=- 
+2.4V 


TEST CIRCUIT 
NO.5 
ACCESS TIME 


3.5V 
ADDRESS 


~ 


RIVE(VA) 


50% 
OV 
I 
- 


.~ 
OUTPUT 


: 
~-10V 
I 
I 


_ItA 
1_ 


+15V 


V+ 


A31SDS 
IN 1 


A2 
IN 2THRU 


Al 
IN 15 


AO 
IN 16 
PROBE 
-----, 
10M 
I 
n 
I 


12.51 
pF I 
I 
I 
_ 
I 
L 
-' 


Performance 
Characteristics 
and Test Circuits 
(Continued) 


TEST CIRCUIT 
NO.6 


3.5V 


r-IAooRESS 


~ 
~VE(VAI 


~ 


OUTPUTA 


50"> 
50'< 


, 
I 


~ 
t+- 


10PEN 


5~- 
--\~_ 


I 
I 
OV 
I 
I. 


~ 


O.. 
OUTPUTA 


I 
I 
I 
I 
I 
90% 


---iI1 
tONlENI:+-- 
I 
'OFF I 
I 
I 
--+1 
(EN) l~ 


TEST CIRCUIT 
NO.8 
CHARGE INJECTION 
TEST CIRCUIT 


3.0V 


EN~ 


VO~ 
T 


£>VO IS THE 
MEASUREO 
VOLTAGE 
ERROR 


OUE 
TO 
CHARGE 
INJECTION. 
THE 
ERROR 


VOLTAGE 
IN 
COULOMBS 
IS 0: 
CLX 
/lVO. 


• 


m HARRIS 
HI·518 
8 Channel/Differential 
4 Channel CMOS High Speed Analog MUltiplexer 


Features 


• Access Time (Typical) 
..•.••.........•.•..•.. 
130ns 
• settling 
Time (0.1 %) ....•.•...•......•.•.••.• 
250ns 
• Low Leakage 
(Typical) 
.IS(OFFj 
........•.••••.•........•.••••.•.•... 
5pA 
.ID(OFFj 
......•.••••••..........•.••••.•.... 
15pA 
• Low Capacitance 
(Max) 
• CS(OFF) 
•....•.•.•.....•..............•....• 
5pF 
• CO(OFF) •....•..........................•.• 
10pF 
• High Off Isolation 
at 500kHz (Mln) 
45dB 
• Low Charge Injection 
Error 
•..•......•.•.••.•. 
25mV 
• Single Ended to Differential 
selectable 
(SDS) 
• Logic Level Selectable 
(LLS) 


Description 


The HI-518 
is a monolithic 
dielectric ally isolated, 
high 
speed, 
hfgh performance 
CMOS 
analog 
multiplexer, 
It 
offers unique built-in 
channel selection'decoding 
plus an 
inhibit input for disabling 
all channels, The dual function 


of 
address 
input 
A2 enables 
the 
HI-518 
to 
be user 
programmed 
either as a single ended 8-channel 
multi- 
plexer by connection 
'out A' to 'out S' and using A2 as a 
digital address input, or as a 4-channel differential 
multi- 
plexer 
by connecting 
A2 to V- supply, 
The substrate 
leakages 
and parasitic 
capacitances 
are reduced 
sub- 


stantially 
by using the Harris dielectric 
isolation 
process 


to achieve optimum 
performance 
in both high and low 


Applications 


• Data Acquisition 
Systems 
• Precision 
Instrumentation 
• Industrial 
,Control 


level signal applications, 
The low output leakage current 


(IDOFF < 100pA @ +250C) and fast settling 
(tSETTLE = 


800ns to 0,01%) characteristics 
of the device make it an 
ideal choice for high speed data acquisition 
systems, pre- 
cision instrumentation, 
and industrial 
process control. 


The HI-518 is available in an 18 lead Ceramic or Plastic 
dual-in-line 
package and a 20 pin LCC or PLCC package, 
It is offered in two operating ranges: -550C to +1250C and 
DoC to +750C. For MIL-STD-883 compliant 
parts, request 


the HI-518/883 data sheet. 


Pinouts 


CERAMIC/PLASTIC 
DIP 
TOP VIEW 


~ 
c~ 
11 
OUT A 
~ ; ~ ~ ;. 
0 


17 
v· 
1]1 '2' 
I 
,'20' 
"91 
" 
I.." 
L.J I 
I '.J .,. 


Ull/on 
4' 
L2J 
[~ 
lN4/4A 
" 
IN4/U 


, ..• 


IN1138 
" 
[~ 
~~ 
IHJIJA 


15 
IN JIJA 
INIIlS ~J 
['! 
INlnA 


14 
IH2/2A 
IN5/18 
" 
r' 
IH1/1A 
!J 
'15'-. 
13 
IN 111A 
GND ~J 
r' 
ENABLE 
Lt~ 
r-' ,.-,,.·,r·, r" 
12 
ENABLE 
191 
"0' 
1111112' 
1131 


~ 


0 
~ 
:;; 
-'l 
11 •• 
~ 


'D 
" 


r---- 
I 
I 
I 


I 
I 
I 
I 


A20ECODE 
I 


"2 a 
I 
: : ~ I 
v- 
L 
L I 
I 
I 
I 
IL 
-L 
~ 


Absolute 
Maximum 
Ratings 
(Note 
1) 


Analog 
Input 
Voltage 
+VIN 
+VSUPPL Y +2V 
-V IN 
-VSUPPL Y -2V 
Oigital 
Input 
Voltage 
TTL 
Levels Selected 
(VOO/LLS 
Pin = GNO or Open) 
+VA 
+6V 
-VA 
-6V 
A2/S0S 
+VSUPPL Y +2V 
A2/S0S 
-VSUPPL Y -2V 
Voltage 
Between 
Supply 
Pins 
33V 


CMOS 
Levels Selected 
(VOO/LLS 
Pin = VOO) 


+VA···········.··.····.··............ 
. 
+VSUPPL Y +2V 
-VA 
-2V 


Operating 
Temperature 
Ranges 
H 1-518-2/-8 
-550C 
to +1250C 
H 1-518-5 
DoC to +750C 
Storage 
Temperature 
Range 
-650C 
to +1500C 
Junction 
Temperature 
(Max) 
1750C 


Electrical 
Specifications 
(Unless Otherwise Specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +O.BV;VDD/LLS 
= GND (Note 2) 


HI-518-2, 
-8 
HI-518-5 


PARAMETER 
TEMP 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


ANALOG CHANNEL 
CHARACTERISTICS 


VIN 
Analog 
Signal 
Range 
(Note 
31 
Full 
-14 
+14 
-15 
+15 
V 


RON 
On 
Resistance 
(Note 
4) 
+25OC 
480 
750 
480 
750 
n 


Full 
1000 
1000 
n 


IS (OFF) Off Input 
+250C 
0.01 
0.01 
nA 


leakage 
Current 
Full 
50 
50 
nA 


10 (OFF) Off Output 
+250C 
0.015 
0.015 
nA 


leakage 
Current 
Full 
50 
50 
nA 


10 (ON) On Channel 
+250C 
0.015 
0.015 
nA 


leakag! 
Current 
Full 
50 
50 
nA 


OIGITAllNPUT 
CHARACTERISTICS 


VAL Input 
low 
Threshold 
(TlLl 
Full 
0.8 
0.8 
V 


VAH 
Input High Threshold 
nTLl 
Full 
2.4 
2.4 
V 


VAL 
Input low Threshold 
{CMOSI 
Full 
0.3VOO 
0.3VOO 
V 


VAH 
Input 
High Threshold 
(CMOS) 
Full 
0.7VOO 
0.7VOO 
V 


IAH 
Input 
leakage 
Current 
(High) 
Full 
1 
1 
p.A 


IAl 
Input 
Leakage 
Current 
(low) 
Full 
20 
20 
p.A 


SWITCHING CHARACTERISTICS 


IA,AccessTime 
+250C 
130 
175 
130 
175 
n, 


Full 
225 
225 
n, 


IOPEN. 
Break before 
make Delay 
+2SoC 
10 
20 
10 
20 
n, 


'ON (EN), Enable Oelay (ON) 
+250C 
120 
175 
120 
175 
n, 


'OFF (EN!. Enable Oelay (OFF) 
+250C 
140 
175 
140 
175 
n, 


'Settling 
Time 
10.1%) 
+250C 
250 
250 
n, 


10.01%) 
+25OC 
800 
800 
n, 


Charge 
Injection 
Error 
(Note 
5) 
+250C 
25 
25 
mV 


Off 
Isolation 
(Note 
61 
+250C 
45 
45 
dB 


Cs (0 FF) Channel 
Input 
Capacitance 
+250C 
5 
5 
pF 


Co (0 FF) 
Channel 


OutPlJt 
Capacitance 
+250C 
10 
10 
pF 


CA. Digital Input 
Capacitance 
+250C 
5 
5 
pF 


CDS 
(OFF) 
Input 
to Output 


Capacitance 
+250C 
0.02 
0.02 
pF 


POWER REQUIREMENTS 


PO, Power 
Oissipation 
Full 
450 
540 
mW 


1+. Current 
(Note 
7) 
Full 
15 
18 
mA 


1-, Current 
(Note 
7) 
Full 
15 
18 
mA 
NOTES: 


1. Absolute maximum rating's are limiting values, applied individually, 


beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. 


2. VoolLLS 
Pin = Open or Grounded for TTL compatibility. VoolLLS 
pin = VOO for CMOS compatibility. 


3. At temperatures above +9QOC,care must be taken to assure VIN re- 


mains at least 1.0V below the VSUPPLY. 


4. V,N = ±10V, 
lOUT 
= -100;A. 


5. V,N 
= OV, 
CL 
= 
l00pF, 
Enable 
Input 
Pulse 
= 3V, 
f 
= 500kHz. 


6. CL = 40pF, RL = 1k. Due to the pin to pin capacitance between IN 8/4B 
and OUT B channel 8/4B exhibits 60dB of OFF Isolation under the 
above test conditions. 


7. 
VEN = 2.4V. 


• 


USE A2 AS DIGITAL 


ADDRESS 
INPUT 
DN CHANNEL 
TD 


ENABLE 
A2 
Al 
AO 
DUTA 
DUT B 


L 
X 
X 
X 
NDNE 
NDNE 


H 
L 
L 
L 
lA 
NDNE 


H 
L 
L 
H 
2A 
NONE 


H 
L 
H 
L 
3A 
NONE 


H 
L 
H 
H 
4A 
NONE 


H 
H 
L 
L 
NONE 
lB 


H 
H 
L 
H 
NONE 
2B 


H 
H 
H 
L 
NONE 
3B 


H 
H 
H 
H 
NONE 
4B 


A2 CONNECT TO 


V-SUPPLY 
ON CHANNEL 
TO 


ENABLE 
Al 
AO 
OUT A 
OUT B 


L 
X 
X 
NONE 
NONE 


H 
L 
L 
lA 
lB 


H 
L 
H 
2A 
2B 


H 
H 
L 
3A 
3B 


H 
H 
H 
4A 
4B 


±lOV-=-.I 


-=-+10V 
T 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI3-0S1B-S 
Oocto 
+7SoC 
18-prn 
Plastic 
DIP 
HI1-0S1B-S 
OOCto+7SoC 
1&-Pln 
CERDIP 
Hll-OS1B-2 
-SSOCto 
+12SoC 
18-Pln 
CERDIP 
HI4POS1B-S 
OOCto+7SoC 
20-Pln 
PLCC 


±lOV-=-I 
..1. +lOV 
+lOV~T 


3.5V 
ADDRESS 


~ 


DRIVE(VAI 


50% 
OV 
I 
- 


'~DUTPUT 


1 
I 
-8V 
-10V 


I 
I 


-----+1 
'A 
I+-- 


3.5V 
II 
ADDRESS 


~ 
~VE(VA) 


~ 


DUTPUTA 


50% 
50% 


I 
I 


-+l 
t+- 


tOPEN 


IN 2THAU 
IN 7 


IN 8 
i10V 
PROBE 
-----, 


10Mfl 
I 
I 
I 
I 
I 
I 
_ 
I 
L 
.J • 


~ 
Performance 
Characteristics 
and Test Circuits 
(Continued) 
it) 
~ 
TEST CIRCUIT NO.7 
:I: 


5:/- --t-- 
I 
I 
OV 


~ 


I 
90" 
. 
OUTPUT 
A 


I 
I 
I 
I 
90% 
I 
I 


~ 
'OHIEN) 
1"""- 
I 
'OFF 
I 
I 
I 
--+1 
(EN) l~ 


avo 
IS THE 
MEASUREO 
VOLTAGE 
ERROR 


OUE 
TO 
CHARGE 
INJECTION. 
THE 
ERROR 


VOLTAGE 
IN 
COULOMBS 
IS Q: 
CLX' 
aVO. 


Transistor 
Count 
. 
356 


Die Dimensions 
89 x 93 mils 


Substrate 
Potential' 
-VSUPPLY 


Process 
..CMOS-DI 


Thermal 
Constants 
(OC/W) 
Oja 
0jc 


Ceramic DIP 
84 
25 


Plastic DIP 
81 
33 


Ceramic LCC 
78 
21 


·The 
substrate 
appears 
resistive 
to the 
-VSUPPLY 
terminal, 
therefore 
it 


may 
be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a con- 


ductor 
at -VSUPPLY 
potential. 


~ 
HARRIS 
HI·524 


Features 


• Crosstalk 
(10MHz) 
< -60dB 
• 
Fast Access Time 
15Ons 
• 
Fast Settling 
Time 
200ns 


• 
TTL Compatible 


Description 


The HI-524 
is a four 
channel 
CMOS analog 
multiplexer 
designed 
to 
process 
single-ended 
signals 
with 
band- 
widths 
up to 10MHz. The chip includes a 1 of4decoderfor 
channel 
selection 
and 
an 
enable 
input 
to 
inhibit 
all 
channels 
(chip select). 


Three 
CMOS 
transmission 
gates 
are 
used 
in 
each 


channel. 
as compared 
to the single gate in more conven- 
tional 
CMOS multiplexers. 
This·provides 
a double 
barrier 
to the unwanted 
coupling 
of signals from each input to the 
output. 
In addition, 
Dielectric 
Isolation 
(01) processing 
helps to insure the Crosstalk 
is less than -60dS at 10MHz. 


The HI-524 is designed 
to operate 
into a wideband 
buffer 
ampilfier 
such as the Harris 
HA-2541. 
The multiplexer 


Applications 


• Wldeband 
Switching 


• 
Radar 
• TV Video 


• ECM 


chip 
includes 
two "ON" 
switches 
in series, for use as a 
feedback 
element 
with 
the 
amplifier. 
This 
feedback 
resistance 
matches 
and 
tracks 
the 
channel 
RON 
resistance, to minimize 
the amplifier 
Vas 
and its variation 
with temperature. 


The HI-524 is well suited to the rapid switching 
of video 
and other wideband 
signals in telemetry, 
instrumentation, 


radar 
and video 
systems. 
It is packaged 
in an 18 pin 
ceramic 
or plastic 
DIP and a 20 pin plastic 
leaded chip 
carrier 
or a 20 pin 
ceramic 
leadless 
chip 
carrier 
and 
operates 
on ±15V supplies. 


For MIL-STD-883 
compliant 
parts, request the HI-524/883 
data sheet. . 


Pinouts 
CERAMIC/PLASTIC 
DIP 
TOP VIEW 


SIGGNU 


IN 2 


SIGGNU 


IN 3 


SIGGNU 


IN 4 


t~J t3J t2J t~ 
t1_9J 


SIG GND 
~] 


SIG 
GND 
~] 


IN4 
~] 


SIG 
GND 
~] 


IN 3 
~] ,-, r-, r-, ,- .•,- .• 
•9' '10! '111112: " 


Cl 
••• 
(J 
0 
z 
Z<Z<w 
"~ 
Q. 
Q. 
::> 
(/) 


SIGGNU 


SIGGNU 
• 


ON 
A1 
AO 
EN 
CHANNEL 


X 
X 
L 
NONE 
L 
L 
H 
l' 


L 
H 
H 
2 


H 
L 
H 
3 


H 
H 
H 
4 


Absolute 
Maximum 
Ratings 
(Note 1) 


Voltage 
Between 
Supply .. 


Digital 
Input Voltage: 


+VA........... 
. + 6V 
~..... 
. 
-~ 
Analog 
Input Voltage 
+VIN 
+VSUPPLY 
+2V 
-VIN 
. 
-VSUPPL Y -2V 
Either Supply 
to Ground 
16.5V 
Junction 
Temperature 
(Max) 
1750C 


Operating 
Temperature 
Range 


HI-524-2/-8.. 
....-550C to +1250C 
HI-524-5. 
...OOC to +750C 
Storage 
Temperature 
Range 
-650C to +1500C 


Electrical 
Specifications 
(Unless otherwise 
specified) 
Supplies 
= +15V, -15V; VAH (Logic 
Level High) 
= +2.4V, 


VAL = (Logic 
Level Low) = +O.8V; VEN = +2.4V. 


HI-524 
HI-524 


-2/-8 
-5 


PARAMETER 
TEMP 
MIN 
TYP 
MAX 
MIN 
I 
TYP I 
MAX 
UNITS 


ANALOG 
CHANNEL 
SPECIFICATIONS 


VIN, 
Analog 
Signal 
Range 
Full 
-10 
+10 
-10 
+10 
V 


RON, 
On Resistance 
(Note 
2) 
+250C 
700 
700 
n 


Full 
1.5K 
1.5K 
n 


IS (OFF), 
Off 
Input 
Leakage 
Current 
(Note 
3) 
+250C 
0.2 
0.2 
nA 


Full 
50 
50 
nA 


10 (OFF), 
Off Output 
Leakage 
Current 
(Note 
3) 
+250C 
0.2 
0.2 
nA 


Full 
50 
50 
nA 


10 (ON), 
On Channel 
Leakage 
Current 
(Note 
3) 
+250C 
0.7 
0.7 
nA 


Full 
50 
50 
nA 


3dB 
Bandwidth: 
(Note 
4) 
+250C 
8 
8 
MHz 


DIGITAL 
INPUT 
SPECIFICATIONS 


VAL 
Input 
Low Threshold 
(TTL) 
Full 
0.8 
0.8 
V 


VAH Input 
High 
Threshold 
(TTL) 
Full 
2.4 
2.4 
V 


IAH 
Input 
Leakage 
Current 
(High) 
Full 
0.05 
1 
0.05 
1 
JJA 


AL Current 
(Low) 
Full 
25 
25 
JJA 


SWITCHING 
SPECIFICATIONS 


tA, Access 
Time 
(Note 
5) 
+250C 
150 
300 
150 
300 
ns 


tOPEN, 
Break-Before-Make 
Delay 
(Note 
5) 
+250C 
20 
20 
ns 


tON 
(EN), 
Enable 
Delay 
(ON), 
RL = 500n 
+250C 
180 
300 
180 
ns 


tOFF 
(EN), 
Enable 
Delay 
(OFF), 
RL = 500n 
+250C 
180 
250 
180 
ns 


Settling 
Time 
(0.1%) 
(Note 
5) 
+250C 
200 
200 
ns 


(0.01%) 
+250C 
600 
600 
ns 


Crosstalk 
(Note 
6) 
+250C 
-65 
-65 
dB 


CS(OFF), 
Channel 
Input 
Capacitance 
+250C 
4 
4 
pF 


CD(OFF), 
Channel 
Output 
Capacitance 
+250C 
10 
10 
pF 


CA, Digltal 
Input 
Capacitance 
+250C 
5 
5 
pF 


",OWER 
REQUIREMENTS 


PO. Power 
Dissipation 
Full 
750 
750 
mW 
1+,Current 
(Note 
7) 
Full 
25 
25 
mA 
1-, Current 
(Note 
7) 
Full 
25 
25 
mA 


NOTES; 


1. 
Absolute maximum ratings are limiting 
values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily 


implied. 


2. 
VIN = OV; lOUT = lOO/JA 
(See Test Circuits #1) 
3. '10 = ±10V; VIN = ±10V 


(See Test Circuits #2, 3, 4,) 


4. 
MUX output is buffered with HA-5033 amplifier. 


5. 
6V Step. ±3V to ±3V, See Test Circuit #5. 
6. 
VIN = 10MHz, 3Vp_p on one channel, with any other channel 
selected. (Worst case is channel 3 selected with input on channel 
4). MUX output is buffered with HA·2S41 as shown in Applications 
section. Terminate all channels with 750. 


7. 
Supply currents vary less than O.5mA for switching rates from DC 
\02MHz. 


Performance 
Characteristics 
and Test Circuits 
Unless otherwise 
specified 
TA: 
+250C. 


VSUPPLY: 
±15V. VAH: 
2.4V. VAL: 
a.BV 


ON RESISTANCE 
VI. ANALOG 
INPUT VOLTAGE 


1.000 


900 


800 


RONIll) 
700 


800 


500 


400 
-10 
-8 
-8 
-4 
-2 
0 
2 
4 
6 
8 
10 
VIN (VOLTS) 


ON RESISTANCE VI. SUPPLY VOLTAGE 
1,000 
TA = +250C 


900 
VIN = OV 


RON= 
V2 
RON(Ill 
lOOIlA 
800 


~ 


N 
+0.8V 
OUT 


i 
A 1010FFI 


±10V -=- 
-=-=FIOV 
~ 
1" 


TEST CIRCUIT 
NO.3' 


ISIOFF)~OUT 


±10V-=-I _ 
EN 
+0.8V 


":' 
!=Fl0V 


700 
9.0 
10.0 
11,0 
12.0 
13.0 
14.0 
15.0 


(VOLTS) 


LEAKAGE 
CURRENT 
VI. TEMPERATURE 


4 


1.0 
0.9 


LEAKAGE 0.8 
0.7 
CURRENT 0.6 
InAI 
0.5 


0.4 


0.3 


0.2 


0.1 
~ 
~ 
n 
100 


TEMPERATUREtoCI 


• Two measurements per channel: 


+10V/-10V 
and -10V/+10V 
(Two measurements and per device for IO(OFF): 
+10V/-10V 
and -10V/+10V.) 


• 


SETTLING 
TIME 


ACCESS 
TIME 
BREAK-BEFORE-MAKE 
DELAY' 


ACCESS TIME. 'A 


SETTING TIME. IS 


HA-2541 


OUTPUT 


±O.O1% OF F/S 
lOR ±O.Ol%) 


I 
5V/Oly. f0- r-- 
- 
, 
l'r I-- 


\ 
lIVIDly. 
, 
I 
,. 


5On./Oly. 


\ 


Often it is desirable to buffer the HI-524 output, to avoid 
loading 
errors due to the channel "ON" resistance: 


CHI 


7511 


CH2 


750 


BUFFERED 


OUTPUT 


CH3 


7511 


CH4 


750 


The buffer amplifier 
should offer sufficient 
bandwidth and. 


slew rate to avoid degradation 
of the anticipated 
signals. 
For video switching, 
the HA-5033 and HA-2542 offer good 
performance 
plus 
±J OOmA output 
current 
for 
driving 
coaxial 
cables. 
For general 
wideband 
applications, 
the 
HA-2541 
offers 
the 
convenierlce .of unity gain stability 


plus 90ns settling 
(to ±0.1%) 
and ±10V 
output 
swing. 
Also, the HI-524 includes 
a feedback 
resistance 
for use 
with the HA-2541. This resistance matches and tracks the 
channel 
"ON" resistance, to minimize 
offset voltage due 
to the buffer's bias currents. 


Note that the on-chip feedback element between pins 16 
and 18 includes two switches in series, to simulate a chan- 
nel resistance. These switches open for VEN =. Low. This 
allows two or more HI-524's to operate into one HA-2541, 
with their feedback elements connected 
in parallel. Thus, 
only the selected multiplexer 
provides feedback, and the 
amplifier 
remains stable. 


All HI-524 DIP package pins labeled 'SIG GND' (pins 3, 4, 
6, 13, 15) should be externally 
connected to signal ground 
for best crosstalk 
pel'f.ormance. 


Bypass capacitors 
(0.1 to 1.01'f) are recommended 
from 
each HI-524 supply pin to power ground (pins 1 and 17 to 
pin 8 DIP package). Locate the buffer amplifier 
near the 
HI-524 so the two capacitors 
may bypass both devices. 


If an analog input lV or greater is present when supplies 
are off, a low resistance is seen from that input to asupply 
line. (For example, the resistance 
is approximately 
1600 
for an input of -3V.) Current 
frow may be blocked 
by a 
diode in each supply line, or limited by a resistor in series 
with 
each channel. 
the 
best solution, 
of course, 
is to 
arrange that no digital or analog inputs are present when 
the power supplies 
are off . 


Transistor 
Count.. 
. 


Die Dimensions 
. 


Substrate 
Potential" 
. 


Process: 
. 


Thermal 
Constants 
(OCIW) 


Ceramic DIP 


Plastic DIP 


Ceramic LCC 


...........599 


.... 146 x 88.6 mils 


..... -VSUPPL Y 
...CMOS-DI 


Oja 
Ojc 
81 
22 
78 
30 
76 
19 


*The 
substrate 
appears 
resistive 
to the 
-VSUPPLY 
terminal. 
therefore 
it 


may 
be left floating 
(Insulating 
Die 
Mount) 
or it may be mounted 
on acon- 


dueter 
at -VSUPPLY 
potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


Hll-0S24-S 
OOC1o +7SoC 
18-Pln 
CERDIP 
Hll-0S24-2 
-SSoC 10+12SoC 
18-Pln 
CERDIP 
HI4POS24-S 
OOClo+7SoC 
20-PinPLCC 
HI3-0524-5 
OOCto+750C 
18-Pln 
Plastic 
DIP 
• 


• Dillerential 
Performance, 
Typical: 
• 
Low 6RON. +1250C 
5.5n 
• 
Low 6ID(ON). 
+1250C 
O.6nA 
• 
Low 6(Charge 
Injectlon) 
O.1pC 
• 
Low Crosstalk 
-124dB 


• Settling 
Time. ±O.01% 
900ns 


• Wide Supply Range 
±5V to ±18V 


• Break-Before-Make 
Switching 


• No Latch-Up 


• Low Level Data Acquisition 


• Precision 
Instrumentation 


• Test Systems 


Monolithic, 4 Channel, 
Low Level, Differential Multiplexer 


The 
Harris 
HI-539 
is 
a 
monolithic, 
four 
channel, 


dillerential 
multiplexer. 
Two digital 
inputs are provided 
for channel selection, 
plus an Enable input to disconnect 
all channels. 


Performance 
is guaranteed for each channel over the vol- 
tage range ±10V, but is optimized 
for low level dillerential 
signals. 
Leakage 
current, 
for 
example, 
which 
varies 
slightly 
with input voltage, has its distribution 
centered at 
zero input volts. 


In most monolithic 
multiplexers, 
the net differential 
offset 
due to thermal 
effects becomes significant 
for low level 
signals. This problem is minimized 
in the HI-539 by sym- 
metrical placement of critical 
circuitry 
with respect to the 
few heat producing 
devices. 


Supply voltages are ±15V and power consumption 
is only 
2.5mW. The HI-539 is packaged 
in a 16 pin Ceramic 
or 
Plastic DIP, and a 20 pin Plastic Leaded Chip Carrier. 


H11-539 
CERAMIC 
DIP 


H13-539 
PLASTIC 
DIP 
TOP VIEW 


AO 
A1 


EN 
GNO 
DIGITAL/"" 
-v 
+v 
ADDRESS 


IN lA 
IN 18 
A, 


IN 2A 
IN 28 


IN 3A 
IN 38 


IN 4A 
IN 48 


OUT A 
OUT 
8 


EN 


HI4P539 
PLCC 
L____ J 
L____ 
------ 
ADDRESS 
INPUT 
DECODERS 
MULTIPLEX 


TOP 
VIEW 
BUFFER AND 
SWITCH PAIRS 
c 
LEVel 
SHIFTER 
z 
~ z 
'" 
" 


+v 


IN 18 


He 


IH20 


IN 38 


~ 
C 
!;1 " 
e 
~ 8 
8 ~ 


Absolute 
Maximum 
Ratings 


Voltage 
Between 
Supply 
Pins 
(-V, 
+V) 
4DV 


Voltage 
From 
Either 
Supply 
to 
Gnd 
.. .. 2DV 


Analog 
Input 
Voltage, 
VIN 
-V:5 
VIN 
:5 +V 


Digital 
Input 
Voltage, 
VA 
. -V 
:5 VA 
:5 +V 


Junction 
Temperature 
(Max) 
1750C 


ISource or Drain' 
20mA 


Operating 
Temperature 
Range 


HI-539-2, 
-8 
-550C 
to 
+1250C 


HI-539-4 
-250C 
to 
+850C 


HI-539-5. 
. 
DoC 
to 
+750C 


Storage 
Temperature 
Range 
-650C 
to 
+15DOC 


Electrical 
Specifications 
(Unless 
otherwise 
specified) 
Supplies 
= ±15V, 
VEN 
= +4.0V. 
VAH 
(Logic 
Level 
High) 
= +4.0V. 


VAL 
(Logic 
Level 
Low) 
= +O.8V. See the 
"Performance 
Characteristics 
and 
Test 
Circuits". 


Selected 
parameters 
are defined 
in "Definitions", 


HI-539-2. -8 
HI-539-4. 
-5 


PARAMETER 
TEMP 
TYP 
MAX (MINI 
TYP 
MAX (MINI 
UNITS 


ANALOG CHANNEL CHARACTERISTICS 


VIN, 
Analog Signal Range 
Full 
(-10){+10 
l-l0){+10 
V 


RON, 
On Resistance 
VIN = OV 
+250C 
650 
850 
650 
850 
n 


VIN =± 10V 
+250C 
700 
900 
700 
900 
n 


VIN = OV 
Full 
950 
1.3k 
800 
lk 
n 


VIN=±10V 
Full 
1.1k 
1.4k 
900 
1.1k 
n 


t.RON 
ISideA-SideBI 


VIN = OV 
+250C 
4.0 
24 
4.0 
24 
n 
VIN =± 10V 
+250C 
4.5 
27 
4.5 
27 
n 


VIN = OV 
Full 
4.75 
28 
4.0 
24 
n 


VIN=±10V 
Full 
5.5 
33 
4.5 
27 
n 


ISIOFFI. Off Input LeakageCurrent 
INote 1) 


Condition 
OV 
+250C 
30 
30 
pA 


Condition 
±. lOV 
+250C 
100 
100 
pA 


Condition 
OV 
Full 
2 
10 
0.2 
1 
nA 


Condition:!: 
lOV 
Full 
5 
25 
0.5 
2.5 
nA 


t.ISIOFF). 
(Side A - Side 8) 


Condition 
OV 
+250C 
3 
3 
pA 


Condition! 
lOV 
+250C 
10 
10 
pA 


Condition 
OV 
Full 
0.2 
0.02 
0.2 
nA 


Condition!. 
10V 
Full 
0.5 
0.05 
0.5 
nA 


IOIOFF). Off Output LeakageCurrent 
• 


(Note 1) 


Condition OV 
+250C 
30 
30 
pA 


Condition! 
10V 
+250C 
100 
100 
pA 


Condition 
OV 
Full 
2 
10 
0.2 
1 
nA 


Condition ± 10V 
Full 
5 
25 
0.5 
2.5 
nA 
t. IOIOFFI. 
(Side A - Side Bl 


Condition 
OV 
+250C 
3 
3 
pA 


Condition 
± 10V 
+250C 
10 
10 
pA 


Condition OV 
Full 
0.2 
0.02 
0.2 
nA 


Condition ±'10V 
Full 
0.5 
0.05 
0.5 
nA 


IO(QN). 
On Channel Leakage Current 


INote 11 


Condition OV 
+250C 
50 
50 
pA 


Condition! 
10V 
+250C 
150 
150 
pA 


Condition OV 
Full 
5 
25 
0.5 
2.5 
nA 


Condition ± 10V 
Full 
6 
40 
0.8 
4.0 
nA 


t.IOION) 
(Side A - Side B] 


Condition OV 
+250C 
10 
10 
pA 


Condition ~ 10V 
+250C 
30 
30 
pA 


Condition OV 
Full 
0.5 
0.05 
0.5 
nA 


Condition 
±. 10V 
Full 
0.6 
O.OB 
0.8 
nA 


6 VOS. Oifferential 
Offset Voltage 
+250C 
0.02 
0.02 
IJV 
(Note 21 
Full 
0.70' 
0.08 
IJV 


8-87 


HI-539-2, 
-8 
HI-539-4, 
-5 


PARAMETER 
TEMP 
TYP 
MAX (MIN) 
TYP 
MAX (MINI 
UNITS 


DIGITAL 
INPUT CHARACTERISTICS 


VAL. 
Input 
low Threshold 
Full 
0.8 
0.8 
V 


VAH, Input High Threshold 
Full 
(4.01 
14.0) 
V 


IAH, Input Leakage Current (High) 
Full 
1 
1 
J1A 


IAL 
Input leakage 
Current (low) 
Full 
1 
1 
J1A 


SWITCHING 
CHARACTERISTICS 


TA. Access 
Time 
+250C 
250 
750 
250 
750 
ns 


Full 
1,000 
1,000 
n• 
. 


T open. 
Break-Before-Make 
Delay 
+250C 
85 
(301 
85 
(301 
n. 


Full 
(301 
(301 
n. 


TON(ENI, 
Enable Delay On 
+250C 
250 
• 
750 
250 
750 
n. 


Full 
1,000 
1,000 
n. 


TOFF(EN), 
Enable Delay Off 
+250C 
160 
650 
160 
650 
n. 


Full 
900 
900 
n. 


Settling Time, to ±'O.Ol% 
+250C 
0.9 
0.9 
J1' 


Charge Injection (Output! 
Full 
3 
3 
pC 


t!1 Charge Injection (Output) 
Full 
0.1 
0.1 
pC 


Charge Injection 
(Input) 
Full 
10 
10 
pC 


Differential 
Crosstalk (Note 3) 
+250C 
124 
124 
dB 


Single Ended Crosstalk (Note 3) 
+250C 
100 
100 
dB 


CS(QFF). 
Channel 
Input 
Capacitance 
Full 
5 
5 
pF 


COIOFF). 
Channel 
Output 
Capacitance 
Full 
7 
7 
pF 


COlON). 
Channel On Output 
Capacitance 
Full 
17 
17 
pF 


Cas, Input to Output 
Capacitance 
(Note 
41 
Full 
O.OB 
0.08 
pF 


CA. Digital 
Input 
Capacitance 
Full 
3 
3 
pF 


POWER REQUIREMENTS 


PO. Power Dissipation 
+250C 
2.3 
2.3 
mW 
Full 
45 
45 
mW 


1+ Current 
+250C 
0.150 
0.150 
mA 


Full 
2.0 
2.0 
mA 


1- Current 
+250C 
0.001 
0.001 
mA 
Full 
1.0 
1.0 
mA 


±. V,Supply 
Voltage Range 
Full 
1015 
(1051/ 1018 
~ 15 
(! 51/ :!: 18 
V 


IS(OFF) and 
IOIOFFI: (VS = +10V, Vo = -10V), then 


(VS = -10V, Vo = +10V) 


IO(ON)' 
(+10V, then -lOin 


2. 
avos (Exclusive of thermocouple effects) :: 


RON 6IOION) + IO(ONI 6RON. 


Performance 
Characteristics 
and Test Circuits 


(Unless 
otherwise 
specified 
TA = 250C, 
+V = +15V, 
-v = -15V, 
VAH = +4V and 
VAL = +O.8V) 


TEST 
CIRCUIT 
NO.1 


900 
i . 
g800 
z 
il700 
..• 
~... 
i 
~500 
zo ..., 


-12 -10 -8 


If 
'/ 


1010» 


./ 
/' 
V10(OFF) 
- 
ISIOFFI 
V 


TEST 
CIRCUIT 
NO.2' 


TEST 
CIRCUIT 
NO.3' 


TEST 
CIRCUIT 
NO, 4' 


'IOVt 


-=-- !10V 
-f 
• 


TEST CIRCUIT 
NO.5 


{ 


HI9h",4.0V 


VA 
lOW=OV 


50% DUTY CYCLE 


TEST CIRCUIT 
NO.6 


~i 280 


;:: 
~ 
260 


<.> 
~ 
240 
~ 
•.• 220 


VAH 
=4V 
ADORES,S 


~ 


ORIVE(VA) 


50% 
OV 
I 
- 


+'~V 
OUTPUT 


I 
-8V(10%1 
I 
I 
-10V 
I 
I 


----.1 
tA 
1_ 


I 
I 
1 
f- 
~ 
VA INPUT 


2tD1V. 
l 


CH10N 


OUTPUT 
5VIDIV. 
, 


CH40N 


VAH-4V 
r-I 
ADDRESS 


~ 
~VEtVAI 


~ 


OUTPUTA... 
... 
, 
, 
-.. ..- 


hOPEN) 


TEST CIRCUIT 
NO.7 


VAH-4V 
~ 
I 
t 
ov 
I 
I 


~ 


90% 
OUTPUT". 


I 
I 
r 
10'1. 
I 
I 


toNIENI 
---t 
t+- 
I 'OFF 
I 


J 
r 
_I 
(ENI1- 


TEST CIRCUIT 
NO.8 


I 
I 


E~A8LE 
- 
DRIYE 
2V/DIY. 
I 
I 
CH1DN 
I II 


OU~UT 
t- - - 
CH2 THRU 
CH~ I 
2V/DIY. 


I 
I0'; 
I 
\ 
I i 
I , 


TEST CIRCUIT 
NO.9 
• 


CHARGE INJECTION - Charge (in pC) transferred, during a 
transition 
between channels, through 
the internal 
gate-to- 
channel capacitance. 
The resulting voltage error varies in- 
versely with the output (or input) capacitance. 


CROSSTALK - 
Signal at the multiplexer 
output, 
coupling 
though the CDS capacitance of an 0 FF channel. 
Amplitude 
is proportional 
to source resistance for the ON channel. 
See 
Test Circuit # 9 for single-ended and differential versions 
of crosstalk. 


OIFFERENTIAL 
LEAKAGE 
CURRENT 
( 
Il IS(OFF), 


1l10(OFF), 
d ID(ON)) - The absolute difference in leakage 
for the two sides of a channel. 


DIFFERENTIAL 
OFFSET VOLTAGE ( d VOS) - 
Voltage 
between the multiplexer output terminals with both channel 
input terminals shorted to ground. 


DIFFERENTIAL 
ON RESISTANCE (IlRON) 
- The absolute 
difference in On Resistance for the two sides of a channel. 


INPUT TO OUTPUT CAPACITANCE (CDS) - 
Capacitance 
from one input terminal of a channel to the corresponding 
output 
of the multiplexer. 
This parameter 
is responsible 
for Crosstalk. 


TABLE 1. 


EQUIVALENT 
IMPEDANCE 
WIDTH OF P.C. 
D.C. 
PER FOOT 
WIRE 
CONDUCTOR 
RESISTANCE 
INDUCTANCE 
GAGE 
(2 oz. Cu.l 
PER FOOT 
PER FOOT 
AT 60Hz 
AT 10kHz 


18 
0.47" 
0.0064\1 
0.36pH 
0.0064\1 
0.0235\1 
20 
0.30" 
0.0102\1 
0.37pH 
0.0102\1 
0.0254\1 
22 
0.19" 
0.0161\1 
0.37pH 
0.0161 \1 
0.0288\1 
24 
0.12" 
0.0257\1 
0.40pH 
0.0257\1 
0.0345\1 
26 
0.075" 
0.041\1 
0.42pH 
0.041 \1 
0.0488\1 
28 
0.047" 
0.066\1 
0.45pH 
0.066\1 
0.0718\1 
30 
0.029" 
0.105\1 
0.49pH 
0.105Q 
O.llOr!. 


32 
0.018" 
0.168\1 
0.53pH 
0.168\1 
0.171\1 


Applications 


GENERAL 


The HI-539 accepts inputs in the range -15V to +15V, with 
performance guaranteed over the ±10V range. At these higher 
levels of analog input voltage it is comparable to the HI-509, 
and is plug-in compatible 
with that device (as well as the 
HI-509Al. 
However, as mentioned earlier, the HI-539 was 
designed to introduce minimum error when switching low level 
inputs. 


Special care is required in working with these low level signals. 
The main concern with signals below 100mV is that noise, 
offset voltage, and other 
aberrations 
can represent a large 
percentage error. 
A shielded, differential signal path is essen- 
tial, especially to maintain a noise level below 50 p.Vrms. 


The transmission cable carrying the transducer signal is critical 
in a low level system. 
It should be as short as practical and 
rigidly supported. 
Signal conductors should be tightly twisted 
for minimum enclosed area, to guard against pickup of electro- 
magnetic interference, and the twisted pair should be shielded 


against 
capacitively 
coupled 
(electrostatic) 
interference. 


A braided wire shield may be satisfactory, 
but a lapped foil 
shield is better since it allows only one tenth as much leakage 
capacitance to ground per foot. 
A key requirement 
for the 
transmission cable is that it presents a balanced line to sources 
of noise interference. 
This means an equal series impedance 
in each conductor plus an equally distributed impedance from 
each conductor to ground. 
The result should be signals equal 
in magnitude but opposite in phase at any transverse plane. 
Noise will be coupled in phase to both conductors, 
and may 
be rejected as common mode voltage by a differential amplifier 
connected to the multiplexer output. 


Coaxial cable is not suitable for low-level signals because the 
two conductors 
(center and shield) are unbalanced. 
Also, 
ground loops are produced if the shield is grounded at both 
ends by standard BNC connectors. 
If coax must be used, carry 
the signal on the center conductors of two equal-length cables 
whose shields are terminated 
only at the transducer end. 
As 
a general rule, terminate (ground) the shield at one end only, 
preferably at the end with greatest noise interference. 
This is 
usually the transducer end for both high and low level signals. 


Printed circuit traces and short lengths of wire can add sub- 
stantial error to a signal even after it has traveled hundreds of 
feet and arrived on a circuit board. 
Here, the small voltage 
drops due to current 
flow through 
connections 
of a few 
milliohms must be considered, especially to meet an accuracy 
requirement of 12 bits or more. 


Table 1 is a useful collection of data for calculating the effect 
of these short connections. 
(Proximity to a ground plane will 
lower the values of inductance.! 


As an example, suppose the HI-539 is feeding a 12 bit'con- 
verter system with an aliDwable error of ±1/2 LSB (±1.22mVl. 
I{ the interface logic draws 100mA from the 5V supply, this 
current will produce 1.28mV across 6 inches of #24 
wire; 
more than the error budget. 
Obviously, this digital current 
must not be routed through any portion of the analog ground 
return network. 


The input bias current for any OC-coupled amplifier must have 
an external 
path back to the amplifier's power supply. 
No 
such path exists in Figure lA, and consequently the amplifer 
output will remain in saturation. 


A single large resistor (lMn 
to 10Mn) from either signal line 
to power supply common 
will provide the required path, 
but a resistor on each line is necessary to preserve accuracy. 
A single pair of these bias currant 
resistors on the HI-539 
output 
may be used if their loading effect can be tolerated 
(each forms a voltage divider with RON). Otherwise, a resistor 
pair on each input channel of the multiplexer 
is required. 


The use of bias current resistors is acceptable only if one is 
confident 
that the sum of signal plus common-mode 
voltage 
will remain within the input range olthe multiplexer/amplifier 
combination. 


Another solution is to ~imply run a third wire from the low 
side of the signal source, as in Figure lB. 
This wire assures a 
low common-mode 
voltage as well as providing the path for 
bias currents. 
Making the connection 
near the multiplexer 
will save wire, but it will also unbalance the line and reduce 
the amplifier's common-mode rejection. 


There are two major sources of C.VOS. That part, due to the 
expression (RON C.IO(ON) + IO(ON) C.RON) becomes signif- 
icant with increasing temperature, 
as shown in the Electrical 
Characteristics 
section. 
The other 
source of offset is the 
thermocouple 
effects due to dissimilar materials in the signal 
path. 
These include silicon, aluminum, tin, nickel-iron and 
(often) gold, just.to exit the package. 


For the thermocouple 
effects in the package alone, the cpn- 
straint on 
C.VOS may be stated in terms of a limit on the 
difference 
in temperature 
for package pins leading to any 
channel of the HI-539. 
For example, a difference of O.130C 
produces a 51N offset. 
Obviously, this C.T effect can domin- 
ate the 
C.VOS parameter at any temperature 
unless care is 
taken in mounting the HI-539 package. 


Temperature 
gradients across the HI-539 package should be 
held to a minimum in critical applications. 
Locate the HI-539 
far from heat producing components, 
with any air currants 
flowing lengthwise across the package. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI4POS39 
OoCto 
+7SoC 
20-Pln 
PLCC 


Hll-0S39-2 
-SsoC 
to +12SoC 
16-Pln 
CERDIP 


HI3-0S39-S 
OOCto+7SoC 
16·Pln 
Plastic 
DIP 


Hll-0S39-4 
-2SoC 
to +8SoC 
16-Pln 
CERDIP 


Hll-0S39-S 
OOCto+7SoC 
16-Pln'CERDIP 
• 


Q) 
Applications 
(Continued) 
C') 
It) 
+V 
..:. 
HI-639 
:I: 
RON 


"FLOATING" 
SOURCE 
RON 


I 


.•.'. 
1 TO 10M 
•••• 
~I 
..•.. 
v 


I 
ct. 
c·~. 
I 
.J., 
POWER 
SUPPLY 
V 
COMMON 


The amplifier in Figure lA is unusable becauseits bias currents cannot return to the power supply. 
Figure 18 
shows two alternative paths for these biascurrents: either a pair of resistors,or (better) a third wire from the low 
side of the signalsource. 


Transistor 
Count 
. 
236 


Die Dimensions 
...........................•................ 
92 x 100 mils 


Substrate 
Potential' 
-VSUPPL Y 


Process:............... 
...CMOS-DI 


Thermal 
Constants 
(OCIW) 
0ja 
0jc 


Ceramic 
DIP 
103 
34 


Plastic 
DIP 
75 
22 


*The 
substrate 
appears 
resistive 
to the 
-VSUPPLY 
terminal, 
therefore 
it 


may 
be left floating 
(Insulating 
Die 
Mount) 
orit 
may 
be mounted on aeon- 


ductor 
at -VSUPPLY 
potential. 


"'-54fj/:)47 


Single 16/Differential 
8 Channel CMOS Analog 
Multiplexers 
with Active Overvoltage Protection 


• Analog 
Overvoltage 
Protection 
•...• 
70V p_p 


• No Channel 
Interaction 
During 
Overvoltage 


• ESD Resistant 
.•.•................ 
>4,000V 


• Guaranteed 
RON Matching 


• 44V 
Maximum 
Power 
Supply 


• Break-Before-Make 
Switching 


• Analog 
Signal 
Range 
...•..•.......... 
±15V 


• Access 
Time 
(Typical) 
500ns 


• Standby 
Power 
(Typical) 
7 .5mW 


The HI-546 
and HI-547 
are analog 
multiplexers 
with Active Overvoltage 
Protection 
and 
guaranteed 
RON 
matching. 
Analog 
input 
levels 
may 
greatly 
exceed 
either 
power 
supply 
without 
damaging 
the device 
or disturbing 
the signal 
path of other 
channels. 
Active 
protection 
circuitry 
assures 
that 
signal 
fidelity 
is maintained 
even 
under fault conditions 
that would 
destroy 
other multiplexers. 
Analog 
inputs 
can with- 
stand 
constant 
70 volt peak-ta-peak 
levels 
and typically 
survive 
static 
discharges 
beyond 
4,000 
volts. 
Digital 
inputs 
will also sustain 
continuous 
faults 
up to 4 volts 


greater 
than 
either 
supply. 
In addition, 
signal 
sources 
are 
protected 
from 
short 
circuiting 
should 
multiplexer 
supply 
loss 
occur; 
each 
input 
presents 
1kO 
of 


resistance 
under this 
condition. 
These features 
make the HI-546 
and HI-547 
ideal 


for use in systems 
where 
the analog 
inputs 
originate 
from 
external 
equipment 
or 
separately 
powered 
circuitry. 
Both devices 
are fabricated 
with 44 volt dielectrically 
isolated 
CMOS 
technology. 
The HI-546 
is a 16 channel 
device 
and the HI-547 
is a 


8 channel 
differential 
version. 
If input 
overvoltage 
protection 
is not needed, 
the 


HI-506 
and 
HI-507 
multiplexers 
are 
recommended. 
For further 
information 
see 


Application 
Notes 
520 and 521. 


The 
HI-546/547 
are ollered 
in both 
commercial 
and 
military 
grades. 
Additional 
Hi-Rei 
screening 
to MIL-STD-883 
is avajlable 
when specified 
by the "/883" 
suffix. 


For details, 
request 
the HI-546/883 
or HI-547/883 
data sheets. 


Each 
device 
is available 
in a 28 pin Plastic 
or Ceramic 
DIP, and a 28 pin Plastic 


Leaded 
Chip Carrier 
(PLCC). 


Applications 


• Data 
Acquisition' 


• Industrial 
Controls 


• Telemetry 


Pinouts 
Functional 
Diagrams 


H11-546 
(CERAMIC 
DIP) 
H11-547 
(CERAMIC 
DIP) 
" 
H13-546 
(PLASTIC 
DIP) 
H13-547 
(PLASTIC 
DIP) 
'" 
, 
OUT 


TOP VIEW 
TOP VIEW 
,- 


IN! 
" 


+VSUPPlY 
28 
OUT 
+VSUPPlY 
OUT 
A 


" 


l ___ 


NC 
27 
·VSUPPlY 
OUT B 
-VSUPPlY 
• 


" 


DECODER/ 


NC 
26 
IN8 
NC 
IN IA 
• 
, , 
DRIVEA 


IN 16 
15 
IN 
1 
IH88 
IN 1A 
• 
' ,, , 


IN 15 
24 
IN' 
IN 18 
IN SA 
" 


, , 


1/1116 
IN 
14 
23 
IN 5 
IN6S 
IN SA 
L ___ 


IN 13 
22 
'N' 
IH 58 
IN4A 
• 


IN 12 
" 


'N J 
IN4B 
IN 3A 


IN 11 
20 
IN 2 
IN 3B 
IN 2A 


IN 10 
19 
IN 
1 
IN 28 
IN 1A 


IN 9 
18 
ENABLE 
IN 18 
ENABLE 


GND 
11 
ADDRESS AO 
GND 
ADDRESSAO 


VREF 
" 
ADDRESS Al 
VREF 
ADDRESS Al 


ADDRESS A3 
15 
ADDRESS At 
HC 
ADDRESS A2 


HI-546 


HI4P546 
(PlCC) 
HI4P547 
(PlCC) 
lNlA 
OUTA 


TOP VIEW 
TOP VIEW 
• 
i 
i 
i i 
• 
INBA 
: ~ 
1> 
." 


INIB 
OUTB 
•• 


IN8B 


Absolute 
Maximum Ratings 
(Note 
1) 


VSUPPL Y(+) to VSUPPL Y(-) 
. 


VSUPPLy(+)toGND 
..... 


VSUPPL Y(-) to GND 
.. 
Digital 
Input 
Overvoltage 


+VEN, 
+VA 
+VSUPPLY 
+4V 


-VEN,-VA································· 
.-VSUPPLy-4V 
or 20mA, 
whichever 
occurs 
first 


Analog 
Signal 
Overvoltage 
(Note 
7) 


+VS 
. 


-VS····· 
. 


... 
44V 


....•.......••..... 
22V 


. 
25V 


Continuous 
Current, 
S or 0: .................•......•.... 
20mA 


Peak 
Current, 
S or 0 


(Pulsed 
at 1ms, 10% duty cycle 
maxI: 
......•........... 
40mA 


Junction 
Temperature........... 
. .. +175OC 


Operating 
Temperature 
Ranges: 


HI-546/547-2 
-55OC 
to +125OC 


HI-546/547-4 
...................•.•...... 
-250C 
to +850C 


HI-546/547-5 
...................•........... 
OOCto+75OC 


Storage 
Temperature 
Range 
....•..••••...... 
-650C 
to +1500C 
+VSUPPL 
Y +20V 


-VSUPPL 
Y -20V 


Electrical Specifications 
Unless 
Otherwise 
Specified: 


Supplies 
= +15V. 
-15V; 
VREF 
Pin = Open; 
VAH 
(Logic 
Level 
High) = +4.0V; 


VAL (Logic 
Level Low) = +0.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 


HI·5461HI·547 
HI·5461547 
TRUTH TABLES 
-2 
-4, 
-5 


PARAMETER 
TEMP. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
UNITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 
HI-546 


VS, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 
RON, On Resistance 
(Note 2) 
+25°C 
1.2 
1.5 
1.5 
1.8 
kn 
"ON" 


Full 
1.5 
lB 
1B 
2.0 
kn 
A:3 A2 
Al 
Ao 
EN CHANNEL 


6RON, 
Any Two Channels 
+25°C 
7.0 
7.0 
% 
X 
X 
X 
X 
L 
NONE 
IS (OFF), Off Input Leakage 
Current 
(Note 3) 
+25°C 
0.03 
003 
nA 
L 
L 
L 
L 
H 
1 
Full 
50 
50 
nA 
L 
L 
L 
H 
H 
2 


10 (OFF), Off Output 
Leakage 
Current 
(Note 3) 
+25°C 
0.1 
0.1 
nA 
L 
L 
H 
L 
H 
3 


HI-546 
Full 
300 
300 
nA 
L 
L 
H 
H 
H 
4 


HI-547 
Full 
200 
200 
nA 
L 
H 
L 
L 
H 
5 
10 (OFF), with Input Overvoltage 
Applied 
(Note 4) +25°C 
40 
4.0 
nA 
L 
H 
L 
H 
H 
6 


Full 
2.0 
JA 
L 
H 
H 
L 
H 
7 


10 (ON), On Channel 
Leakage 
Current 
(Note 3) 
+25OC 
0.1 
0.1 
nA 
L 
H 
H 
H 
H 
8 


HI-546 
Full 
300 
300 
nA 
H 
L 
L 
L 
H 
9 
HI-547 
Full 
200 
200 
nA 
H 
L 
L 
H 
H 
10 
IDIFF. Differential 
Off Output 
Leakage 
Current 
Full 
50 
50 
nA 
H 
L 
H 
L 
H 
11 


(HI-547 Only) 
H 
L 
H 
H 
H 
12 


DIGITAL INPUT 
CHARACTERISTICS 
H 
H 
L 
L 
H 
13 


VAL, 
Input Low Threshold 
TILDrive 
Full 
0.8 
0.8 
V 
H 
H 
L 
H 
H 
14 


H 
H 
H 
L 
H 
15 
VAH, Input High Threshold 
(Note 8) 
Full 
4.0 
4.0 
V 
H 
H 
H 
H 
H 
16 
VAL 
MOS Drive (Note 9) 
+25OC 
OB 
OB 
V 
VAH 
MOS Drive (Note 9) 
+25OC 
6.0 
6.0 
V 
IA 
Input Leakage 
Current 
(High or Low) (Note 5) 
Full 
1.0 
1.0 
JA 


SWITCHING 
CHARACTERISTICS 
HI·547 


tA, Access Time 
+25°C 
0.5 
0.5 
pS 


Full 
1.0 
1.0 
pS 
"ON" 


tOPEN, 
Break-Belore-Make 
Delay 
+25°C 
25 
80 
25 
80 
ns 
CHANNEL 


tON (EN), Enable 
Delay (ON) 
+25°C 
300 
500 
300 
ns 
A2 
A1 
Ao EN 
PAIR 
Full 
1000 
1000 
ns 
X 
X 
X 
L 
NONE 
tOFF (EN), Enable 
Delay (OFF) 
+~oC 
300 
500 
300 
ns 
L 
L 
L 
H 
1 
Full 
1000 
1000 
ns 
L 
L 
H 
H 
2 
5ettfing 
Time (0.1%) 
+25°C 
1.2 
1.2 
pS 
L 
H 
L 
H 
3 
<0.01%) 
+25°C 
3.5 
3.5 
pS 
L 
H 
H 
H 
4 
"Off 
Isolation" 
(Note 6) 
+25°C 
50 
68 
50 
68 
dB 
H 
L 
L 
H 
5 
Cs (OFF), Channel 
Input Capacitance 
+25°C 
5 
5 
pF 
H 
L 
H 
H 
6 
CD (OFF), Channel 
Output 
Capacitance 
HI-546 
+25°C 
50 
50 
pF 
H 
H 
L 
H 
7 
HI-547 
+25°C 
25 
25 
pF 
H 
H 
H 
H 
8 
CA, Digital 
Input Capacitance 
+25°C 
5 
5 
pF 
CDS (OFF), Input to Output 
Capacitance 
+25°C 
0.1 
0.1 
pF 


POWER 
REQUIREMENTS 


PO, Power Dissipation 
Full 
7.5 
7.5 
mW 
1+, Current 
Pin 1 (Note 7) 
Full 
0.5 
20 
0.5 
2.0 
mA 
1-, Current 
Pin 27 (Note 7) 
Full 
0.02 
1.0 
0.02 
1.0 
mA 


NOTES: 
1. Absolute maximum 
ratings are limiting values, applied 
individually, 
be· 
5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
yond which the serviceability 
of the circuit may be impaired. Functional 
Typical leakage is less than 1nA at 250(;. 
operation under any of these condiUons is not necessarily implied. 
6. VEN - o.av, Rl - 
lK, Cl- 
15pF. Vs - 7VRMS. f = 100kHz. 
2. VOUT = ±10V, tOUT = -100IJA. 
7. VEN, VA - OV or 4.0V. 


3. Ten nanoamps \s the practiCa\ \ower \imit tor high speed measurement in 
8. To drive from DTlITTL 
Circuits. 1kO pull-up 
resistors to +S.OVSUPPLY 
the production test environment. 
are recommended. 


4. 
Analog Overvoltage = ±33V. 
9. VREF 
D +10V. 
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Performance Characteristics and Test Circuits 


Unless Otherwise Specified: TA = 25°C, VSupply = ±15V, 
ON RESISTANCE vs. 


INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = +4 V, VAL = 0.8 V And VRef = Open. 
+----=" 100 ~ A 


R 
= V2 
•• 
V2- 
ON 
'1OOUA 
TEST 
~ 
CIRCUIT 
NO.1 
'N 
~f-----o 
OUT 
..., 


";:l 
V'N 
~ 


ON RESISTANCE 
NORMALIZED ON RESISTANCE 
vS.ANALOGINPUTVOLTAGE 
vs. SUPPLY VOLTAGE 
1.4 


1.3 
TA 


'O 
tl1250C 
15 
+12!;oC~TA~-550C 
_ 


V1N '" +5V 


c:1.2 
14 
....•• 
~ 
- 


11.1 
1.3 


~ 
1.0 


TA 
= t250C 
1.2 


...., 


: 
0.9 
TA'" 
-SSOc 
1.1 
...••.. 


008 
I 
...•. 


""- 
'0 


0.9 
i 
08 


-10 
-8 
-. 
-4 
-2 
0 
2 
• 
• 
8 
'0 
" ,. 


" 
,8 
,. 
!IO 
!11 
!12 
!13 
114 
tiS 


VIN - Analog 
InputlVoltd 
Supply Voltage - Valls 


LEAKAGE CURRENT VS. TEMPERATURE 
TEST 
'OOnA 
f(J1'" 


CIRCUIT 
NO.2' 


OUT 


A 
rOIOFFI 


LEAJ(.4Gf 
"lOV --=- 
~. 
lOV 


-J- 
"J 


TEST 


OFFOUTPUT 
~ 
CIRCUIT 


E 
ON LEAKAGE 
CURRENT 
NO.3' 
~ 
~i:uRRENj-I-V 
/ 


~ 


lnA 
'O~ON)"- 


'SIOFFI 
A 
j 
"lOV-=- 
.3 
I-=-_ 
EN 
-0 
BV 


./ 
I 


-=- 
J. .'OV 


/ 


r~~~~URRENT- 
/' / 
TEST 
L~ 


'slOffl 
CIRCUIT 
'OOpA 


NO.4' 
t=~ 


OUT 


·Two measurements per channel: 


f----<> 
EN 
P'OION' 


AO 
Al 


+10 V/-10 V and -10 V/+10 V. 


.'OVT 
b 
b 


_ 
'lOV 


10pA 
(Two measurements per device lor IO(OFF): 
~ 
'5· 
SO· 
75· 
'00· 
+10 V/-10 V and -10 V/+10 V.) 
~,O v 


Temperature 
-oc 


ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 
ANALOG INPUT 


118'-~ I 
I 
I 
TEST 
OVERVOLTAGE CHARACTERISTICS 


~ 
15 
S-~ I 
I 
..- 
CIRCUIT 


"N 
~ 


10 
!OFF 
I 


C 12 
31. 
ANALOG 
INPUT 


./ 
NO.5 
-f? 
4.!~_ 
CURRENT (ItN~ 
A 
-; 
./ 


~ 
9 3-: 0 
=u 
j 
6 =, 
./ __ 
V 
~ 


'~ I 
~ ~ 
OUTPUT 
OFF 
~ 
1= 
3 '~r/ 


LEAKAGE CURRENT- 


0 
IOlOHI 


tiS 
!l8 
!21 
124 
t21 
!30 
133 
136 


V1N - Analog 
Input 
Overvoltage 
IVoltsl 


• 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL 
CURRENT 
vs. VOLTAGE 
TEST 


±14 
/-55'C 
CIRCUIT 
ON CHANNEL 
CURRENT 


~ 
:t12 
NO.6 
vs. VOLTAGE 
/. /'25'C 


~ 
!10 
h 


............. 
•••••••••••••,+1250C 
j 
,a 
h '?' 
A 


!Ii 
'v=* 
j 
,., 
.aV 
~9 
- 
--# 
I 
,2./ 
-=- 
-=- 


0 
,2 
., 
:t6 
±8 
±10 
±12 
±14 


V1N - Vollage 
Across 
SWitch 


TEST 
f"" 


CIRCUIT 
SUPPLY 
CURRENT 
A 
"SUPPLY 


SUPPLY 
CURRENT 
vs. TOGGLE 
FREQUENCY 
NO.7 
vs. TOGGLE 
FREQUENCY 


a 
'" 
.v 


E 
I 
rA, 


IN] .....----0 !10t!~ 


,{ 6j 
I 
'~ p::::: 


IN' 
VISUPPl 
Y "'5",,- 
"HI·546 
THRU 
: 


IN 1~ 
-= 
1 


4 
J J 
-= 
-=":?;- :: 


IN16 f----o .•101+5 
VSUPPly' ,'OV" 
OUT 


=.' 2 
I 


'NO 
-v '9 
,y 
lOMn 


";m;",C<>""~."ro,L 4,;~,:" 


0 
lK 
'OK 
lOOK 
-= 
'M 
10M 


Toggle 
Frequencv. 
Hz 


TEST 
ACCESS 
TIME 
CIRCUIT 
vs_ LOGIC 
LEVEL 
(HIGH) 
ACCESS 
TIME VS. LOGIC 
LEVEL 
(HIGH) 
NO.8 
? 
~ 'ISV 


I 
900 
VREF 
v· 


I 
I 
lA' 
IN' -{)",v 
- aDO 
E 
V~EF"OPEIN 
"~ l'9~CH';h le~el<16VI 
~ 10 t= A, 


IN 2THRU 
IN15 ~ 
.:: 700,-f- 
A, 


VREF" 
Logic 
High 
lor 
Logic 
HqJh 
LelJelsAV 
n. 
AO 
"HI·546 
IN" 
---OtlOV 
- 
PROBE 
600 
:t 
'\ 
son 0-- 
EN 
OUT 
,..----.., 


500 
'¥' 


::- 
...... 
-= 
-=- 
-+4.0V 
'NO 
v- 


400 
...• 
i 


6-15V 


I 
- 
I 
I 
14pF 
: 
3003 4 
5 
6 
7 
a 
9 
'0 
11 '2 '3 
14 '5 
I 
I 


t.,0YICLevel (High), 
Volts 
I 
-= 
I 
"Similar Connection for HI-54? 
.L ____ 
.,.I 


Switching Waveforms 


VAH 
4,OV 
ADDRESS 
I 
I 
~V" 
- 
f---- 
VA1NPUT 


2V/DIV 
I 
',VAH 
OV 


I 
- 


.~ 


OUTPUT 
/' 
I 
90% 


I 
-IOV 


I 
OUTPUT 
A 
I 
I 
\ 


5YIOIV 


i 
I 
--\ 
" 
I- 
I 


200n51011I. 


V AM 
: 
4.0 
V 


r-IAOORESS 


~ 
~VE(VA' 
-:v:- 


OUTPUT 


SO 
SO 
, 
I 


---.< 
0+- 


[OPEN 


V AH 
40 
V 


S~- 
- 
--~ 


1 
OV 
I 
I 


~ 


o 
OU.TPUT 


: 
I 
I 
90 
I 
I 
~ 
IONtENII+-- 
I 
IOfF I 
I 
I 
-I 
IENII+-- 


CNElM:lt.TAGE 
PIlOTECTlON 
r----' 
: 
02-+': 
I 
Rl? 
I 


I """:*' 
I 
01 
I 
I 
v- 
I 
, 
, 
L 
j 


TEST 
CIRCUIT 
NO.9 


BREAK·BEFORE·MAKE 
DELAY 
(tOPEN) 
VA '~PUT 


-- 
2V/O'V. 


'ill' 
'; 
'HI·546 ,;~inJ'" 
1 
IN 
1~ 
_ 


.I1.. 
A 
IH16 


~on 
0 
VOUl 


- 
-':?;-, '" 
"',~ 
4= 
- - 
~ 
"T'"'' 


SA ON 


OU~PUT l \ 
I 


o 5V/0IV. 
, I 


J 


V" 


1\I 
V 


TEST 
CIRCUIT 
NO. 10 


~ 


A] 
IN1--0 +10V 
A2 'HI-546IN 
2 


A1 
THRU~ 
-=- 
AO 
IN 16 
- 


VA 
EN GND 
DUT 


50n 
~ 


OUTPUT 
A 
\ 


2V/OIV 
I 
I 
......•.. 
1-.. 


Tll 
REFERENCE 
CIRCUIT 
r------- 
---, 
:j;--..-J 
V.: 
I 
RIO 
I 
I·' 
I 
I 
Q1 
I 


-t- 
rJ 
I 
I 
0....... 
I 
I 
I 
I 03 
I 
I 
I 
L __ G,!!O__ 
..: 
-I 


, 
~ 
~~ 
r-lEP ~gJ~gJut 
~gJ 19J19J 
LEVEL 


R2 
hr- 
~~E~ 


p tl 
N 
R5 
R1 
IDDECOOE 
f1E 
~ 
_ 
~ 


R3 
FW 
lEVEL 
~ I 
N t---J 
•• 
•• 
SHIFTED 


N 1 
,Y~ 
~ 
~fu~~ fr3rl yEft ~S1~ED 
~a:C~E 
J., 
J_ 


L 
_ 


Schematic 
Diagrams (continued) 


ADDRESS DECODER 


Transistor Count 
.485 


Die Dimensions .........•................ 
159 x 84 mils 


Substrate Potential· 
-VSUPPL Y 


Process 
CMOS-D1 


Thermal Constants (oC/W) 
9ja 
9jc 


Ceramic DIP 
50 
18 


*The 
substrate 
appears 
resistive 
to the -VSUPPLY 
terminal, 
therefore 
it may 


be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a conductor 


al -VSUPPl y potential. 


PART NUMBER 
TEMPERATURERANGE 
PACKAGE 


HI1-0S46-4 
-2SoC 10+8SoC 
28-Pln CERDIP 
HI1-0S46-S 
OOClo+7SoC 
28-Pln CERDIP 
Hll-0S46-2 
-SSoC 10+ 12SoC 
28-Pln CERDIP 
HI3-0S46-S 
OOClo+7SoC 
28-Pln Plastic DIP 
HI4POS46-S 
OOClo+7SoC 
28-Pln PLCC 


Hll-0S47-4 
-2SoC 10+8SoC 
28-Pln CERDIP 
Hll-0547-2 
-SSoC 10+12SoC 
28-Pln CERDIP 
Hll-0S47-S 
OOC1o+7SoC 
28-Pln CERDIP 
HI4POS47-S 
Ooc1o +7SoC 
28-Pln PLCC 
HI3-0S47-S 
OOC1o+7SoC 
28-Pln Plasllc 


m HARRIS 
HI-548/549 


Single a/Differential 
4 Channel CMOS Analog 
Multiplexers with Active Overvoltage Protection 


Description 


The HI-548 
and 549 are analog 
multiplexers 
with Active 
Overvoltage 
Protection 
and 


guaranteed 
RON 
matching. 
Analog 
input 
levels 
may 
greatly 
exceed 
either 
power 
supply, without 
damaging 
the device 
or disturbing 
the signal 
path of other 
channels. 


Active 
protection 
circuitry 
assures 
that signal 
fidelity 
is maintained 
even under 
fault 


conditions 
that 
would 
destroy 
other 
multiplexers. 
Analog 
inputs 
can 
withstand 
constant 
70 volt peak-to-peak 
levels 
and typically 
survive 
static 
discharges 
beyond 
4,000 volts. Digital inputs will also sustain 
continous 
faults up to 4 volts greater than 
either 
supply. 
In addition, 
signal 
sources 
are protected 
from 
short 
circuiting 
should 


multiplexer 
supply 
loss 
occur; 
each 
input 
presents 
1kl1 of resistance 
under 
this 


condition. 
These 
features 
make 
the 
HI-548 
and 
HI-549 
ideal 
for 
use 
in systems 
where 
the analog 
inputs 
originate 
from 
external 
equipment 
or separately 
powered 
circuitry. 
Both 
devices 
are 
fabricated 
with 
44 
volt 
dielectrically 
isolated 
CMOS 


technology. 
The 
HI-548 
is an 
8 channel 
device 
and 
the 
HI-549 
is a 4 channel 
differential 
version. 
If input 
overvoltage 
protection 
is not 
needed, 
the 
HI-SOB 
and 
HI-509 
multiplexers 
are 
recommended. 
For 
further 
information 
see 
Application 
Notes 
520 
and 
521. 


The 
HI-548/549 
are 
offered 
in 
both 
commercial 
and 
military 
grades •• Additional 
Hi-Rei 
screening 
10 MIL -sTD-883 
is available. 
when 
specified 
by the "/883" suffix. 


For delails. 
requesllhe 
HI-548/883 
or HI-549/883 
dala 
sheets. 


Each device 
is available 
in a 16 pin Plastic 
or Ceramic 
DIP, and a 20 pin Plastic 
Leaded 
Chip 
Carrier 
(PLCC). 


• Analog 
Overvoltage 
Prolection 
..... 
70Vp_p 


• No Channel 
Interaction 
During 
Overvoltage 


• ESD Resistant 
............•....... 
>4,OOOV 


• Guaranteed 
RON Matching 


• 44V Maximum 
Power 
Supply 


• Break-Before-Make 
Switching 


• Analog 
Signal 
Range 
.•............... 
±15V 


• Access 
Time (Typical) 
.....•......... 
500ns 


• Standby 
Power 
(Typical) 
7 .5mW 


• Data 
Acquisition 


• Industrial 
Controls 


• Telemetry 


Pinouts 


HI1-548 
(CERAMIC 
DIP) 
HI3-548 
(PLASTIC 
DIP) 
TOP 
VIEW 


H11-549 
(CERAMIC 
DIP) 
H13-549 
(PLASTIC 
DIP) 
TOP VIEW 


AO 
Al 
AO 
Al 
ENA8LE 
A2 
ENA8LE 
GNO 
-VSUPPL Y 
GNO 
-VSUPPL Y 
+VSUPPLY 
IN 1 
+VSUPPLY 
IN lA 
IN 18 
IN 2 
IN 5 
IN 2A 
IN 28 
IN 3 
IN 6 
IN 3A 
IN 38 
IN 4 
IN 7 
IN 4A 
IN 48 
OUT 
IN 8 
OUT A 
OUT 8 


IN I 
I 
OUT 
,- 


1M2 
lk 


II 
l ___ 
• 
DECODE 
AI 
II 
DRillER 
• 
II 
• 
II, , 
lk 
, , 
IN8 
L ___ 
•• 


IMIA •• 
IH4A 


Absolute 
Maximum Ratings 
(Note 
1) 


VSUPPL Y(+) to VSUPPL Y(-) 
VSUPPLY(+) 
to GND 
..........•....•••. 


VSUPPL Y(-) to GND 
Digital 
Input 
Overvoltage 


+VEN,+VA· 


-VEN. 
-VA··· 


. . . . ... 
. . .. 
.44V 


..... 
22V 


.... 
25V 


. +VSUPPL 
Y +4V 


..... 
-VSUPPLy-4V 


Continuous 
Current, 
S or D: 
. 


Peak Current, 
S or D 


(Pulsed 
at1 ms, 10% duty cycle 
max): 


Junction Temperature. 


Operating 
Temperature 
Ranges: 


HI-548/549-2 
. .. 
-55OC 
to + 1250C 


HI-548/549-4 
. ....•.....•...... 
-250C 
to +850C 


HI-548/549-5........... 
. .... 
OOCto+75OC 


Storage 
Temperature 
Range 
...•..... 
-650C 
to +1500C 


or 20mA. 
whichever 
occurs 
firsl 


Analog 
Signal 
Overvoltage 
(Note 
7) 


+VS 
.. ......••. 


-VS ... 


+VSUPPLY 
+20V 


-VSUPPL 
Y -20V 


Electrical Specifications 
Unless 
Otherwise 
Specified: 


Supplies 
= + 15V, -15V; 
VAH (Logic 
Level 
High) = +4.0V; 


VAL (Logic 
Level Low) = +0.8V. 
For Test Conditions, 
consult 
Performance 
Characteristics 
Section. 
- 


HI-548/HI-549 
HI·548/549 
TRUTH 
TABLES 
-2 
-4, 
-5 


PARAMETER 
TEMP. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
NITS 


ANALOG 
CHANNEL 
CHARACTERISTICS 
HI-548 
VS, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 


'RON. 
On Resistance 
(Note 2) 
+25°C 
1.2 
1.5 
1.5 
1.8 
kO 
"ON" 


Full 
1.5 
1.8 
1.8 
2.0 
kO 
A2 
A1 
Ao 
EN 
CHANNEL 


LlRON, 
Any Two Channels 
+25°C 
7.0 
7.0 
0,0 
X 
X 
X 
L 
NONE 
IS (OFF), Off Input Leakage 
Current 
(Note 3) 
+25°C 
0.03 
0.03 
nA 
L 
L 
L 
H 
1 
Full 
50 
50 
nA 


ID (OFF), Off Output 
Leakage 
Current 
(Note 3) 
+25°C 
0.1 
0.1 
nA 
L 
L 
H 
H 
2 


L 
H 
L 
H 
3 
HI-548 
Full 
200 
200 
nA 
L 
H 
H 
H 
4 
HI-549 
Full 
100 
100 
nA 
ID(OFF) with Input Overvoltage 
Applied 
(Note 4) 
+25OC 
4.0 
4.0 
nA 
H 
L 
L 
H 
5 


Full 
2.0 
pA 
H 
L 
H 
H 
6 


ID (ON), On Channel 
Leakage 
Current 
(Note 3) 
+25°C 
0.1 
0.1 
nA 
H 
H 
L 
H 
7 


HI-548 
Full 
200 
200 
nA 
H 
H 
H 
H 
8 


HI-549 
Full 
100 
100 
nA 


IDIFF. Differential 
Off Output 
Leakage 
Current 
Full 
50 
50 
nA 
(HI-549 Only) 
HI-549 
DiGITAL 
INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
(Note 8) 
Full 
0.8 
0.8 
V 
"ON" 
VAH" 
Input High Threshold 
Full 
4.0 
4.0 
V 
A1 
Ao EN 
CHANNEL 
IA 
Input Leakage 
Current 
(High or Low) (Note 5) 
Full 
1.0 
1.0 
pA 
PAIR 
SWITCHING 
CHARACTERISTICS 


X 
X 
L 
NONE 


tA, Access 
Time 
+25°C 
0.5 
0.5 


"s 
L 
L 
H 
1 
Full 
1.0 
1.0 
"s 
L 
H 
H 
2 


tOPEN, 
Break-Before-Make 
Delay 
+25°C 
25 
80 
25 
80 
ns 
H 
L 
H 
3 
tON (EN), Enable 
Delay (ON) 
+25°C 
300 
500 
300 
ns 
H 
H 
H 
4 


Full 
1000 
1000 
ns 
'OFF (EN); Enable 
Delay (OFF) 
+25°C 
300 
500 
300 
ns 
Full 
1000 
1000 
ns 
Settling 
Time (0.10,0) 
+25°C 
1.2 
1.2 


"s 
(0.01·Al) 
+25°C 
3.5 
3.5 
"s 
"OFF 
Isolation" 
(Note 6) 
+25°C 
50 
68 
50 
68 
dB 
Cs (OFF), Channel 
Input Capacitance 
+25°C 
5 
5 
pF 
CD (OFF), Channel 
Output 
Capacitance 
HI-548 
+25°C 
25 
25 
pF 


HI-549 
+25°C 
12 
12 
pF 


CA, Digital Input Capacitance 
+25°C 
5 
5 
pF 


CDS (OFF), Input to Output 
Capacitance 
+25°C 
0.1 
0.1 
pF 


POWER 
REQUIREMENTS 


PD, Power Dissipation 
Full 
7.5 
7.5 
mW 
1+. Current 
(Note 7) 
Full 
0.5 
2.0 
0.5 
2.0 
mA 
1-, Current 
(Note 7) 
Full 
0.02 
1.0 
0.02 
1.0 
mA 


NOTES: 


1. Absolute 
maximum 
ratings are limiting values, applied individually, 
be· 
5. 
Digital 
input 
leakage 
is primarily 
due 
to the clamp 
diodes 
(see 
Schemattc). 


yond which the servtceabilrty of the circurt may be impaired. Functional 
Typical 
leakage 
is less 
than 
1 nA at 2SOC. 


operaUon 
under 
any 
of these 
condittor'1s 
is not 
necessarily 
implied. 
6. 
VEN 
- 
O.BV. RL - 
1 K. Cl 
"'" 15pF. 
Vs 
- 
7VRMS. 
f - 
100kHz. Worst case 
2. VOUT = ±10V,IOUT 
= -100""- 
isolation 
occurs 
on channel 
4 due 
to proximity 
of the output 
pins. 


3. 
Ten 
nanoamps 
is the 
practical 
klwer limit 
for 
high 
speed 
measurement 
in 
7. VEN. VA a OV Of 4JJV. 


the producton 
test environment 
8. To drive 
from 
OTlITTL 
Circuits. 
1kO pull-up 
resistors 
to 
+5.0VSUPPLY 
4. 
Analog Overvoltage = ±33V. 
are recommended. 


8·102 


Performance Characteristics and TestCircuits 
ON RESISTANCE ys. 


Unless Otherwise Specified TA = 25°C, VSupply = ±15 V, 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = +4 V, VAL = 0.8 V 
...-::'00 
IJA 


TEST CIRCUIT 
R 
_ 
V2 
NO.1 
ON - 
100tJA 
4 
v2- 
--0 


IN 
~t --0 


OUT 
? 
V,N 
~ 


- 


ON RESISTANCE 
NORMALIZED ON RESISTANCE 
Ys.ANALOG INPUT VOLTAGE 
Ys. SUPPLY VOLTAGE 


1.4 
I 


1.3 
TA' 
~'250C 
~ ~ 
1.5 


+12SoC2:TA2:-5SoC 
_ 


VIN =+5V 


c: 1.2 
- 
i~,1.4 
"" 
~ 
~ 
1.1 
:;; 
1.3 
" 


TA" 
+2SoC 
~ ~ 
1.2 
~ 
1.0 
..•.•.•.. 


: 
0.9 
TA" j55 


0C 
~ e 
1.1 
"'" 
~~ 
.... 


00.8 
Z ~ 
1.0 


; 
0.9 


I 
0.8 


-'0 
-8 
-6 
~ 
-2 
° 


2 
• 
6 
8 
'0 
!5 " 


,] 
!8 
±9 
±10 
±11 
±12 
±13 
±14 
±15 


VIN -Analog 
Input (Volts) 
Supplv 
Voltage- 
Votu 


LEAKAGE CURRENT VS. TEMPERATURE 
TEST CIRCUIT 
TEST CIRCUIT 
lllOnA 


NO.2" 
• NO. 3" 
ltJ1- 


LEA.kE 
OUT 
fil:E 


; 
A 
to/OFF) 


IsIOFF} 
A 
: 


±10V...=... 
: 


OFF OUTPUT 
±10V -=- 
-=- .,ov 
I 
----=-_ 
EN 
+0.8\1 


~ 
---..!!£~~~i 
- 


CURRENT 
/ 
~ 
~ 
7 
...l .'0V 


J 
-// /' 
f 


10!ONI" 
loA 
~ 
TEST CIRCUIT 
NO.4" 
-Two 
measurements 
per channel: 


./ 
+10 V/-10 V and 
-10 V/+10 V. 


/ 


~~~~~~TCURRENT- 


(Two measurements 
per device 
lor 
IO(OFF): 


/" / 


+10 V/-10 V and 
-10 V/+10 V.) 


IsiOff) 
lDOpA 
~ 


t= ~ 


OUT 


+10vl 


EN 
<i: 1010N, 


-=:..1.10\1 


10pA 
:r 
f 
25' 
50' 
]5' 
100' 
Temperature -OC 
+4V 


ANALOG INPUT 
TEST CIRCUIT 
OVERVOLTAGE CHARACTERISTICS 
NO.5 
ANALOG INPUT 
!18 f-11 
I 
I 
OVERVOLTAGECHARACTERISTICS 


~ 
15 
5'~ 
I 
I 
V 


ANALOG 
INPUT 
~ 


./ 


~12 4·c;E- f-CURRENT 
(IIN~ 
1../ 
i? 
~ 


10 (OFF) 
! 
9 Ie 
! 6 


3-.3E 
/ 
.J;' 
A 
.. 
2'~ I 
~;...-- 
~~~=~1~~~RRENT- 
J:J 
~3 "~r7 
~ 


° 


lalOfFl 
~ 
!lS 
H8 
±21 
:!:24 
1:27 
±30 
±33 
±36 


V1N - Anllog 
Inpul 
OVlrYohl5l' (Volts) 


• 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE 
TEST CIRCUIT 


±14 


.••••••••.p50C 
NO.6 
ON CHANNEL CURRENT 


~ 
±12 
vs. VOLTAGE 
/. ••••••• 
J+250C 
E ±10 
j 
~ 
~ 
••••••••• +1250C 


±8 


~ 


~ 
0- 
±8 


!V* 
~ 
±4 
-r-O 
- 
~ 
1 
. 
+2-1/ 
I 
-= 


-::.... 


0 
±8 
±8 
±10 
±12 
V1N - Voltage 
Across Switch 
f" 


SUPPLY CURRENT 
A 
+ISUPPlY 


SUPPLY CURRENT vs. lDGGLE 
FREQUENCY 
vs. lDGGLE 
FREQUENCY 


8 
I 
« 
I. 
TEST CIRCUIT 
'2 
.v 


E 
NO.7 
1 


INI~:tl()'t511 


c: 


O 


G 
vrUPPL Y = ±15~ 
IJ 


IN2 
~ 


v~ 
,fi *HI-548 


THRU .' 
1 


<.> 
IN1~± 
1 
4 
I 
~) V 


IN8 


500 
EN 
+Iln~ 


VSUPPLY 
= ±10V "- 
~ 2- 
OUT 
-, 
GNO 


4::·-V 


.:!:.' 
2 
- 
I 
~ 


VAH 
=~ 
i 


VAL 
=0.1111 


0 
5O%DlJTYCItlE 


lK 
10K 
lOOK 
1M 
10M 
Toggle Frequency, 
Hz 
'Similar 
connection 
for HI-549 


TEST CIRCUIT 
ACCESS TIME 
ACCESS TIME VS. LOGIC LEVEL (HIGH) 
NO.8 
vs. LOGIC LEVEL (HIGH) 


A, 


~!.10V 
900 
~ 


IN I 
] 
800 


~ 


IN 1 THRU IN 1 ~ 
E 
G 
i= 
700 
AD 
*HI-548 
IN' 
~ilOV- 
PROBE 


600 \ 


50U_~ 
OUT 
r----.., 
.:t 
'Q' 


500 
-=- 
'VAH 
GNO 
:!- 
...•.•t--.. 
i 


I 
I 
400 
I 
••• 
f 
: 


300 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
I 
I 
I 
-=- 
I 
Logic Level (High). Volts 
'Similar 
connection 
for HI-549 
L ____ 
~ 


Switching Waveforms 
ACCESSTIM~ 


VAH 
= 4.0 
AOORESS 


VA I~PUT 
1 


~J 
- t-- 


2V/DIV. 
I 
SOl' 
ov 


I 
- 


.~ 
V 


OUTPUT 
A 


I 
90% 


" 
-lOV 
OUTPUT 
A 
I 
I 
\ 
5~/0IV. 
-, 
'A 
1- 
1'0... 


200ns/Div. 


Switching Waveforms(continued) 


TEST 
CIRCUIT 
NO.9 


VAH"'4.0 
II 
AOORESS 


~ 
~VEIVA) 


~ 


OUTPUT 


50". 
50"'1 
, , 


-+l 
..- 


'OPEN 


r-- t-- 
v A I~PUT 
2V/OIV 


r 
\ I 
OUTPUT 


J 


.5V/OIV. 
\ I 
V 
1I 


VAH: 
4.0 
5od----\~_ 


I 
I 
OV 
I 
I 


~ 


00'0 
OUTPUT 
I 
I 
I 
I 
I 
90"' 


I 


~ 
IONfEN) 
~ 
I 
IOFF 
I 
I 
I 
---+1 (ENII+-- 


TEST 
CIRCUIT 
NO. 10 


I 
\ 
- 
t-- 
ENABLE 


DAIVE 
\ 
2V/DIV 


I 


OUTPUT \ 
lV/DIV 


.....••.. 


ADDRESS 
INPUT 
BUFFER 
AND 
LEVEL 
SHIFTER 


lEVEL 
SHIFTED 
ADDRESS 
TO CECODE 


LEVEL 
SHIFTED 
ADDRESS 
TO OECOOE 


• 


OVERVOl 
rAGE 
PROTECTION 
r------- 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
"_ 


Transistor Count .......•.......................... 
253 


Die Dimensions 
_ 
108x83 
mils 


Substrate Potential' 
-VSUPPL Y 
Process ......................•............. 
CMOS-DI 


Thermal Constants (OCIW) 
Bja 
Bjc 


Ceramic DIP 
,104 
35 


Plastic DIP 
75 
23 


*The 
substrate 
appears 
fesistiveJothe 
-VSUPPLY 
terminal, 
therefore 
it may 


be left floating 
(Insulating 
Die Mount) 
or it may 
be mounted 
on a conductor 


al -VSUPPL y potential. 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


HI3-0S48-S 
ooeto 
+7Soe 
16-Pln Plastic 
DIP 
HI4POS48-S 
OOeto+7Soe 
20-Pln PLCC 
HI1-0S48-2 
-ssoe 
to +12Soe 
16-Pln CERDIP 
HI1-0S48-4 
-2Soe 
to +8Soe 
16-Pln CERDIP 
HI1-0S48-S 
OoCto 
+7SoC 
16-Pln CERDIP 


HI1-0S49-S 
OOeto+7Soe 
16-Pln CERDIP 
HI1-0S49-4 
-2Soe 
to +8Soe 
16-Pln CERDIP 
HI1-0S49-2 
-SSoC to + 12 soe 
16-Pln CERDIP 
H13-oS49-S 
ooeto 
+75oC 
16-Pln Plastic 
DIP 


HI4POS49-S 
ooeto 
+7Soe 
20-Pln PLCC 
• 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION' 


The 
IHS108 
is a dielectrically 
isolated 
CMOS 
monolithic 


analog 
multiplexer, 
designed 
as a plug-in 
replacement 
for 


the 
HIS48 and similar 
devices, 
but adds fault 
protection 
to 


the standard 
performance. 
A unique 
serial 
MOSFET 
switch 


ensures 
that 
an OFF 
channel 
will 
remain 
OFF 
when 
the 


input exceeds 
the supply rails by up to ± 2SV, even with the 


supply 
voltage 
at zero. Further, 
an ON channel 
will be-limit- 


ed to a throughput 
of about 
1.SV less than the supply 
rails, 


thus 
affording 
protection 
to any following 
circuitry 
such 
as 
op amps, 
Of A converters, 
etc. 


A binary 
3-bit address 
code together 
with the ENable 
in- 
put 
allows 
selection 
of 
anyone 
channel, 
or none 
at all. 


These 
4 inputs 
are all TTL compatible 
for easy 
logic inter- 
face; 
the ENable 
input also facilitates 
MUX'expansion 
and 


cascading. 


Part 
Temperature 
Package 
Number 
Range 


IHS108MJE 
- SS·C to + 12S·C 
16 pin CERDIP 


IHS1081JE 
- 2S·C to + 8S·C 
16 pin CERDIP 


IHS108CPE 
O·Cto 
70·C 
16 pin plastic 
DIP 


~ 
~ 
~ 
~ 


~ 
~ 


3 LINE BINARY 
ADDRESS 
INPUTS 


(1 0 1) AND EN HI 
ABOVE 
EXAMPLE 
SHOWS CHANNEL 
6 TURNED ON 


IH5108 
8-Channel 
Fault Protected 
CMOS Analog Multiplexer 


FEATURES 


• All Channels 
OFF When 
Power 
OFF, for 
Analog 
Signals 
up to ± 25V 


• Power 
Supply 
auiescent 
Current 
Less 
Than 
1mA 
• ± 13V Analog 
Signal 
Range 


• No SCR Latchup 


• Break-Before-Make 
Switching 


• Pin Compatible 
With 
HI-548 


• Any 
Channel 
Turns 
OFF if Input 
Exceeds 
Supply 
Rails 
by Up to ± 25V 


• TTL 
and 
CMOS Compatible 
Binary 
Address 
and 
ENable 
Inputs 


A2 
A, 
Ao 
EN 
On Switch 


X 
X 
X 
0 
NONE 
0 
0 
0 
1 
1 
0 
0 
1 
1 
2 
0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 
1 
0 
1 
1 
6 
1 
1 
0 
1 
7 


1 
1 
1 
1 
8 


"<J, A" A2. EN 
Logic"1"~VAH;'2.4V 
Logic "O"=VAl:s;.O.8V 


HARRIS SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE WARAANTY 
OBLIGATION 
WITH RESPECT TO THIS PRODUCT SHAll 
BE THAT STATED IN THE WARRANTY 
ARTICLE OF THE 


CONDIT10N 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
304200-004 


VIN(A, EN) to Ground 
-15V 
to 15V 
VsorVotoV+ 
+25V, 
-40V 
VSorVotoV- 
-25V. 
+40V 


V+ to Ground 
..................•..•.............. 
20V 
V - to Ground 
. . . . . . . . . . . . . . . . . . .. . . . . . . .. .. . . .. 
- 20V 
Current(Any 
Terminal) 
20mA 
Operating 
Temperature 


C Suffix 
O'C to + 70'C 
I Suffix 
. . . . . . . .. .. . 
. 
- 25'C to + 85'C 
M Suffix . . . . .. . .. . .. . .. . . . 
. .. - 55'C to + 125'C 


Storage Temperature 


C Suffix 
. 
- 65'C to + 125'C 


I & M Suffix 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 10 see) 
300·C 
Power Dissipation' 


CERDIP Package" 
900 mW 


Plastic Package'" 
470 mW 


'Device 
mounted with all leads soldered or welded to PC 


board. 


"Derate 
12 mWrC 
above 75'C 


"'Derate 
6.3 mWrC 
above 75'C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 


may 
cause 
permanent 
damage 
to the 
device. 
These 
are 
stress 
ratings 
only 
and functional operation of the device at these or any other conditions 


above 
those 
indicated 
in the operational 
see/ions 
of the speCifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
peri· 


ods may affect device reliabIlity. 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ. 
M Suffix 
C Suffix 
Units 


Terminal 
Per 
2S'C 
- 2S'CI 
2S'C 8S'CI 
Temp 
-SS'C 
2S'C 12S'C 
O"C 
70'C 


SWITCH 


RoS(ON) 
StoD 
8 
Vo=10V, 
Sequence each 


Is= 
-100",A 
switch on 
900 
1200 
1200 
1800 
1500 
1500 
2000 


n 


8 
Vo= 
-10V 
VAL =0.8V, 
900 
Is= 
-100",A 
VAH=2.4V 
1200 
1200 
1800 
1500 
1500 
2000 


t.RoS(ON) 
t.R 
- 
RoS(on)max-RoS(on)min 
5 
% 


oS(on)- 
RoS(on)avg. 


Vs=±10V 


IS(oft) 
S 
8 
Vs=10V, 
Vo= 
-10V 
±0.02 
±0.5 
±50 
±1.0 
±50 


8 
Vs=-10V,Vo=10V 
±0.02 
±0.5 
±50 
±1.0 
±50 


lo(oft) 
D 
1 
Vo=10V, 
Vs= 
-10V 
VEN=0.8V 
±0.02 
± 1.0 ±100 
±2.0 
±100 


1 
Vo= 
-10V, 
Vs=10V 
±0.05 
± 1.0 ±100 
±2.0 
±100 
nA 
lo(on) 
D 
8 
VS(AII)=Vo= 
10V 
Sequence each 
switch on 
±0.1 
±2.0 
±100 
±5 
±100 


8 
VS(AII)=Vo= 
-10V 
VAL =0.8V. 
±0.1 
±2.0 
±100 
±5 
±100 
VAH=2.4V 


VEN=2.4V 


FAULT 


IS with 
S 
8 
Vsupp=OV, 
VIN= ±25V, 


Power OFF 
VEN=VO=OV. 
Ao, A1. A2=OV 


± 1.0 
±2.0 
±5.0 


",A 
IS(off)with 
S 
8 
VIN= ±25V, 
Vo= 
±10V 


Overvoltage 
±1.0 
±5.0 
±10 
• 


! 
ELECTRICAL 
CHARACTERISTICS 
(v+ = 15V. v- = -15V. 
VEN=2.4V, 
unless otherwise 
specified.) 
(Continued) 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test 
Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
25°C 
Temp 
-55°C 
25°C 
125°C 
-25°CI 
25°C 85°CI 
O"C 
70"C 


INPUT 


IEN(on) IA(On) 
AO.A1.A2 
4 
VA=OV 
0.01 
-10 
-30 
-10 
-30 
J-LA 
or 
orEN 
4 
VA=15V 
IEN(oft) IA(off) 
0.01 
10 
30 
10 
30 


DYNAMIC 


ttransition 
D 
See Figure 3 
0.3 
1 


lopen 
D 
See Figure 4 
0.2 
J-Ls 
lon(EN) 
D 
See Figure 5 
0.6 
1.5 


loft(EN) 
D 
0.4 
1 


lon-loft Break- 
D 
6 
VEN = + 5V, Ao. A1. A2 Strobed 
10 
Before-Make 
VIN = ± 10V. see Figure 6 
Delay Settli ng 
ns 


Time 


"OFF" 
D 
VEN=OV. 
RL =200!l.. 
CL =3pF. 
60 
dB 
Isolation 
Vs= 
3 VRMS. f=500kHz 


Cs(off) 
S 
Vs=OV 
VEN=OV. 
5 


CO(off) 
D 
Vo=OV 
f= 
140kHz 
25 
pF 
to 1 MHz 
COS(off) 
DtoS 
Vs=OV. 
Vo=OV 
1 


SUPPLY 


Supply 
1+ 
1 
VEN=5V 
0.5 
0.7 
0.6 
0.5 
1.0 
mA 
Current 
1- 
1 
All VA=OV/5V 
0.02 
0.7 
0.6 
0.5 
1.0 


.'SV 
VA 
l,<1OOna 
V+ 
5, 
::t10V 
t.<'IOOn8 


5, 
5, 
'=' 
vou, 
54 
Va,. 
+lOV 


55 
v••• 
-10Y 


VA 
IH5108 St 
5, 


So 
.10V 


PROBE 
vou, 
Va,. -lOV 
Vu- 
+IOV 


0289-3 


Figure 
3: ttransltlon 
Switching 
Test 
Circuit 
and 
Waveforms 


VA 
!,<1OOM ~ 
't<100na 
o.aV 


5, ON 
SoON 


~% 
-I topen 1- 
-I topen 1- 
Your 


55 pF 


0289-5 
Figure 4: topen (Break-Before-Make) 
Switching 
Test Circuit 
and Waveforms 


V+ 
VEN 
3V 
+15V 
',<100,. 
.,<100na 
O.IV 
50% 


5, 
Your 
VS1 
52 THRU58 
OV 


IH5108 


Your 
YS1 z -5Y 
0 
55pF 
0289-6 


0289-7 
Figure 5: Enable ton and tott Switching 
Test Circuit 
and Waveforms 


Ion.nd", 
LOGIC 
INPUTs10ne 


.3V 
I 
-I 
Ao,A"A2 


_OV 
--.... 
~ 
5_E_QUENCEO 
51-58 
tl0V 
Ao 


Al 


Az 
EN 
+5V 


, I 


BREAK-BEFORE 
I I 
:: 
INPUT 
MAKEDELAV-V- 
-I 
,-.,OV 


v 
: 
¥ 
ov 
~-------rl---;l----- 


BREAK· BEFORE 
IAl 
,A; 
INPUT 
MAKEDELAY-"- 
--('--10Y 
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Figure 6: t(on)-t(Off) Break-Before-Make 
Delay Test Circuit and Waveforms 


coo.•. 
II) 
:5 
DETAILED 
DESCRIPTION 


The IH5108, 
like all Harris multiplexers, 
contains 
a set of 
CMOS 
switches 
that form the channels, 
and driver 
and de- 
coder 
circuitry 
to control 
which 
channel 
turns 
ON, if any. In 
addition, 
the 
IH5108 
contains 
an internal 
regulator 
which 
provides 
a fully TIL 
compatible 
ENable 
input that 
is identi- 
cal in operation 
to the Address 
inputs. 
This does away with 
the special 
conditions 
that 
many 
multiplexer 
enable 
inputs 
require 
for proper 
logic 
swings. 
The 
identical 
circuit 
condi- 
tions of the ENable 
and Address 
lines also helps ensure 
the 


extension 
of 
break-before-make 
switching 
to 
wider 
multi- 
plexer 
systems 
(see applications 
section). 


Another, 
and more important 
difference 
lies in the switch- 
ing channel. 
Previous 
devices 
have used parallel 
n- and p- 
channel 
MOSFET 
switches. 
While 
this scheme 
yields 
rea- 
sonably 
good 
ON resistance 
characteristics 
and allows 
the 
switching 
of rail-to-rail 
input signals, 
it also has a number 
of 
drawbacks. 
The sources 
and drains of the switch 
transistors 
will conduct 
to the 
substrate 
if the 
input 
goes 
outside 
the 
supply 
rails, 
and 
even 
careful 
use of diodes 
cannot 
avoid 
channel-to-output 
and channel-to-channel 
coupling 
in cases 
of input overrange. 
The IH51 08 uses a novel series arrange- 
ment of the p- and n-channel 
switches 
(Figure 
7) combined 
with 
a 
dielectrically 
isolated 
process 
to 
eliminate 
these 
problems. 


Within the normal 
analog 
signal range, the inherent 
varia- 
tion of switch 
ON resistance 
will balance 
out almost 
as well 
as the customary 
parallel 
configuration, 
but as the analog 
signal 
approaches 
either 
supply 
rail, even for an ON chan- 
nel, 
either 
the 
p- or the 
n-channel 
will 
become 
a source 
follower, 
disconnecting 
the channel 
(Figure 8). Thus protec- 
tion is provided 
for any input or output 
channel 
against 
over- 
voltage, 
even in the absence 
of multiplexer 
supply voltages. 


This applies 
up to the breakdown 
voltage 
of the respective 
switches. 
Figure 9 shows 
a more detailed 
schematic 
of the 
channel 
switches, 
including 
the 
back-gate 
driver 
devices 
which 
ensure 
optimum 
channel 
ON resistances 
and break- 
down 
voltage 
under the various 
conditions. 


-2SV 
0, -25V 


OVERVOLTAOE 
5 
D 
S 
G 


N·CHANNEL 
MOSFET-r/1D 
IS TURNED ON 


BECAUSE 
"' ••• 
+ 25V 
- 
- 
- 
- 
P·CHANNEL 
MOSFET 
IS OFF 


+25V 
FORCED 
ON COMMON 
OUTPUT 
5 
G 
LINE BY 
EXTERNAL 
TD"" 
CIRCUITRY 


.1 
N·CHANNEL 


'=" 
MOSFET 
IS OFF 


+25VFORCED 
ON COMMON 
-25V 
OUTPUT 
OVERVOLTAOE 
LINE BY 
/J--H'l 
~~~I~:~ 


N·CHANNEL 
MOSFET 
N.CHANNEL 
IS TURNED 
ON 
MOSFET 
IS OFF 


BECAUSE 
"' ••• 
+ 10V 
-15V 
FROM 
+ 15V FROM 
P.CHANNEL 


DRIVERS 
DRIVERS 
MOSFET 
IS OFF 


(b) OVERVOl TAGE WITH MUX POWER ON 
Figure 8: Overvoltage Protection 


2600 


2500 


2M){) 


2300 
2200 
2100 
2000 


1900 
1800 
1700 


1600 
1500 
1.00 
1300 
1200 
1100 
1000 


900 
800 


700 
600 
500 


.00 


300 
200 
100 
o-15-1.-13-12-11-10-9-8 
-7 -6 -5 -. 
-3 -2 -1 
0 
1 
2 
3 
• 
5 
6 
7 
8 


V1H - Analog 
Input 
Voltage 
(volts) 


Under some circumstances, 
if the logic inputs are present 
but the multiplexer 
supplies 
are not, the circuit 
will use the 
logic inputs 
as a sort of phantom 
supply; 
this could 
result in 
an output 
up to that logic level. To prevent 
this from occur- 
ring, simply 
ensure 
that the ENable 
pin is LOW any time the 
multiplexer 
supply 
voltages 
are missing 
(Figure 
10). 


MAXIMUM 
SIGNAL HANDLING 
CAPABILITY 


The 
IH5108 
is designed 
to handle 
signals 
in the 
±10V 
range, 
with 
a typical 
rDS(on) of 9000; it can 
successfully 
handle signals 
up to ± 12V, however, 
rDS(on) will increase 
to 
about 
1.8kO. 
Beyond 
± 12V 
the 
device 
approaches 
an 
open circuit, 
and thus 
± 12V is about the practical 
limit, see 
Figure 
11. 


Figure 
12 shows 
the 
input! output 
characteristics 
of an 
ON channel, 
illustrating 
the 
inherent 
limiting 
action 
of the 
series 
switch 
connection 
(see 
Detailed 
Description), 
while 
Figure 
13 gives 
the ON resistance 
variation 
with tempera- 
ture. 


A 
B 
C 
D 
E\ 
I 
\ 
I 
I 


I 
\ 
\ 
I 
I 


1\ 
I 


T. = 25"C 


's - -tOO,uA 


1 I 
1 
••.. 


A) V+=+15V, 
V-=-15V 
8) V+=+12V, V-=-12V 


C) V+ = +IOV, V- =-10V 
0) V+ = +7.5V, V- = -7.5V 


[) V+=+5V, V-=-5V 
I 
I 
I 
I 
I 
I 
I 
I 
I 


ROS(on) 
(Ohms) 


1500 


1.00 


1300 


1200 


1100 


1000 


900 
800 


700 


600 


500 
.00 


300 


200 


100 
o 
-55 


+\ O~ S190"ls ---- 
-- 


_\O~Si~ 
~ 
-- 
-- 
-- 
-- -- 
- -- 
-- 


V+:+15V 
V-.-15V 


V•• :tl0V 


USING THE IH5108 WITH SUPPLIES 
OTHER THAN 
± 15V 


The IH5106 
will operate 
successfully 
with supply voltages 
from 
± 5V to ± 15V, however 
rOS(on) increases 
as supply 
voltage 
decreases, 
as shown 
in Figure 
11. Leakage 
cur- 
rents, on the other hand, decrease 
with a lowering 
of supply 
voltage, 
and therefore 
the error term product 
of rOS(on) and 
leakage 
current 
remains 
reasonably 
constant. 
rOS(on) also 
decreases 
as signal levels decrease. 
For high system 
accu- 
racy [acceptable 
levels of rOS(On)] the maximum 
input signal 
should 
be 3V less than the supply voltages. 
The logic levels 
remain 
TIL 
compatible. 


""•., 
So 
S, 


+15V 
-1$Y 
•.. 
\Iou, 
•.. 


TTLOR 
CMOS 
'"5101 
'=' 
INVERTER 


EN 


S•• 
So 
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.., 
APPLICATION 
NOTES 
:!: 
Further 
information 
may be found 
in: 
A003 
"Understanding 
and Applying 
the Analog 
Switch" 


A006 
"A New CMOS Analog 
Gate Technology" 


A020 
"A Cookbook 
Approach 
to High Speed 
Data Acquisi- 
tion and Microprocessor 
Interfacing" 


A3 
A2 
Al 
Ao 
On Switch 


0 
0 
0 
0 
Sl 


0 
0 
0 
1 
S2 


0 
0 
1 
0 
S3 


0 
0 
1 
1 
S4 


0 
1 
0 
0 
S5 


0 
1 
0 
1 
S6 


0 
1 
1 
0 
S7 


0 
1 
1 
1 
S6 


1 
0 
0 
0 
S9 


1 
0 
0 
1 
S10 


1 
0 
1 
0 
Sll 


1 
0 
1 
1 
S12 


1 
1 
0 
0 
S13 


1 
1 
0 
1 
S14 


1 
1 
1 
0 
S15 


1 
1 
1 
1 
S16 


Figure 14: 1 of 16 Channel Multiplexer Using Two IH5108s. Overvoltage 
Protection Is Maintained Between 
All Channels, As Is Break-Before-Make 
Switching. 


CDo.. 
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:E 
IH5108 APPLICATIONS INFORMATION 
(Continued) 


--t><r-- 


TTUCIIOS 
INVERTER 
=Do- 


TTUCIIOS 
NOR GATE 


A4 
A3 
A2 
A1 
AO 
On Switch 


0 
0 
0 
0 
0 
51 
0 
0 
0 
0 
1 
52 
0 
0 
0 
1 
0 
53 
0 
0 
0 
1 
1 
54 
0 
0 
1 
0 
0 
55 
0 
0 
1 
0 
1 
56 
0 
0 
1 
1 
0 
57 
0 
0 
1 
1 
1 
58 
0 
1 
0 
0 
0 
59 
0 
1 
0 
0 
1 
510 
0 
1 
0 
1 
0 
511 
0 
1 
0 
1 
1 
512 
0 
1 
1 
0 
0 
513 
0 
1 
1 
0 
1 
514 
0 
1 
1 
1 
0 
515 
0 
1 
1 
1 
1 
516 


5, 
Dt 
I 
I 
...J 


.., 
I 
I 
D2 
5, 


VOUT 


5, 
D2 
I 
I 


...J 


A4 
A3 
A2 
A1 
Ao 
On Switch 


1 
0 
0 
0 
0 
517 
1 
0 
0 
0 
1 
518 
1 
0 
0 
1 
0 
519 
1 
0 
0 
1 
1 
520 
1 
0 
1 
0 
0 
521 
1 
0 
1 
0 
1 
522 
1 
0 
1 
1 
0 
523 
1 
0 
1 
1 
1 
524 
1 
1 
0 
0 
0 
525 
1 
1 
0 
0 
1 
526 
1 
1 
0 
1 
0 
527 
1 
1 
0 
1 
1 
528 
1 
1 
1 
0 
0 
529 
1 
1 
1 
0 
1 
530 
1 
1 
1 
1 
0 
531 
1 
1 
1 
1 
1 
532 


Figure 15: 1 Of 32 Multiplexer Using 41H5108s and An IH5053 As A Sub multiplexer. 
Note That The IH5053Is Protected Against Overvoltages 
By The IH5108s . 


• Submultiple 
xing Reduces Output Leakage and Capacitance. 


HARRIS., 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
IH5116 
is a dielectrically 
isolated 
CMOS 
monolithic 
analog 
multiplexer, 
designed 
as a plug-in 
replacement 
for 
the HI546 and similar devices, 
but adding 
fault protection 
to 


the standard 
performance. 
A unique 
serial 
MOSFET 
switch 
ensures 
that 
an OFF 
channel 
will 
remain 
OFF 
when 
the 


input exceeds 
the supply rails by up to ± 25V, even with the 
supply 
voltage 
at zero_Further, 
an ON channel 
will be limit- 
ed to a throughput 
of-about 
1.5V less than the supply 
rails, 
thus 
affording 
protection 
to any following 
circuitry 
such 
as 
op 
amps, 
Of A 
converters, 
etc. 
Cross 
talk 
onto 
"good" 


channels 
is also prevented: 


A binary 4-bit address 
code 
together 
with the ENable 
in- 


put allows 
selection 
of any channel 
or none at all. These 
5 
inputs 
are all TIL 
compatible 
for easy 
logic 
interface. 
The 


ENable 
input also facilitates 
MUX expansion 
and cascading. 


Part 
Temperature 
Package 
Number 
Range 


IH5116MJI 
- 55'C to + 125'C 
28 pin CEROIP 


IH5116CJI 
O'Cto 
+70'C 
28 pin CEROIP 


IH5116CPI 
O'Cto 
+70'C 
28 pin Plastic DIP 


TOP VIEW 


v + COMMON TO SUBTRATE 
Figure 
1: Pin Configuration 
(Outline 
dwg 
JI, PI) 


IH5116 :.. 


16-Channel 
Fault Protected 
~ 
CMOS Analog Multiplexer 


FEATURES 


• All Channels 
OFF When Power 
OFF, for Analog 
Signals 
Up to. ± 25V 


• Power 
Supply 
Quiescent 
Current 
Less Than 
1mA 
• ± 13V Analog 
Signal 
Range 


• No SCR Latchup 


• Break·Before.Make 
Switching 


• TTL and CMOS 
Compatible 
Strobe 
Control 


• Pin Compatible 
With HI546 


• Any Channel 
Turns 
OFF If Input 
Exceeds 
Supply 
Rails By Up to ± 25V 


• TTL and CMOS 
Compatible 
Binary 
Address 
and- 


ENable 
Inputs 


A3 
A2 
A1 
Ao 
EN 
On Switch 


X 
X 
X 
X 
0 
NONE 


0 
0 
0 
0 
1 
1 


0 
0 
0 
1 
1 
2 


0 
0 
1 
0 
1 
3 


0 
0 
1 
1 
1 
4 


0 
1 
0 
0 
1 
5 


0 
1 
0 
1 
1 
6 


0 
1 
1 
0 
1 
7 


0 
1 
1 
1 
1 
8 


1 
0 
0 
0 
1 
9 


1 
0 
0 
1 
1 
10 


1 
0 
1 
0 
1 
11 


1 
0 
1 
1 
1 
12 


1 
1 
0 
0 
1 
13 


1 
1 
0 
1 
1 
14 
1 
1 
1 
0 
1 
15 


1 
1 
1 
1 
1 
16 • 
Logic "1 "=VAH;;'2.4V 
VENH;;,2.4V 


Logic "0"=VAL';;0.8V 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN UEU OF All 
OTHER 
WARAANTIES, 
EXPRESS. 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARAANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FDA A PARTICULAR 
USE. 
304500-004 


Sl~ 


S2~ 


S3~ 


S4~ 


S5~ 


S6~ 


S7~ 


S8~ 


S9 


S10~ 


S11~ 


S12~ 


S13~ 


Sl~~ 


S15~ 


S16~ 


4 LINE BINARY ADDRESS 
INPUTS 
(0001) AND EN ~ 5V 
ABOVE 
EXAMPLE 
SHOWS 
CHANNELS 
9 
TURNED ON. 
Figure 2: Functional Diagram 


VIN (A, EN) to Ground 
.....•.....•...... 
-15V 
to + 15V 
VsorVotoV+ 
...........•..•..•..•... 
+25Vto 
-40V 
VsorVotoV- 
...........•.....•...... 
-25Vto 
+40V 


V+ to Ground 
20V 
V- 
to Ground 
-20V 
Current (Any Terminal) 
20mA 
Operating 
Temperature 
C Suffix 
O·C to + 70·C 
M Suffix .....................•..•.. 
- 55·C to + 125·C 
Storage Temperature 
- 65 to + 150·C 


Storage Temperature 
C Suffix 
- 65·C to + 125·C 
M Suffix 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 Sec.) 
300"C 


Power Dissipation' 
28-Pin CERDIP Package" 
1200 mW 
28-Pin Plastic Package'" 
625 mW 


•Device mounted with all leads soldered or welded to PC board. 


"Derate 
16 mwrc above 75°C 


"'Derate 
8.3 mwrc 
above 75°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ralings only 


and functional operation of the device at these or any other condJlions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
pe,;- 


ods may affect device reliability. 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
2S·C 
Temp 
-SS·C 
2S·C 12S·C 
O·C 
2S·C 
70·C 


SWITCH 


RoS(on) 
StoD 
16 
Vo=10V, 
Sequence 
each 
900 
1200 
1200 
1800 
1500 
1500 
2000 
Is= 
-100).LA 
switch on 
n 
16 
Vo= 
-10V 
VAL =0.8V, 
900 
1200 
1200 
1800 
1500 
1500 
2000 
Is= 
-100).LA 
VAH=2.4V 


aRoS(on) 
aR 
- 
RoS(on)macRoS(on)min 
5 
% 
oS(on) - 
RoS(on)avg. 


Vs=±10V 


IS(off) 
S 
16 
Vs=10V, 


Vo= 
-10V 
±0.02 
±0.5 
±50 
±1.0 
±50 


16 
Vs= 
-10V, 
±0.02 
Vo=10V 
±0.5 
±50 
±1.0 
±50 


lo(off) 
D 
1 
Vo= 
10V, 
VEN=0.8V 
Vs= 
-10V 
±0.05 
±1.0 
±100 
±2.0 
±100 


nA 
1 
Vo= 
-10V,Vs=10V 
±0.05 
±1.0 
±100 
±2.0 
±100 


lo(on) 
D 
16 
VS(AII)=Vo= 
10V 
Sequence each 


switch on 
±0.1 
±2.0 
±100 
±4.0 
±100 


16 
VS(AII)=Vo= 
-10V 
VAL =0.8V, 
VAH=2.4V 
±0.1 
±2.0 
±100 
±4.0 
±100 


FAULT 


IS with 
S 
16 
Vsupp=OV, 
VIN= 
±25V, 
Power OFF 
VEN=VO=OV, 
Ao, A" 
A2= OVor 5V 


±1.0 
±2.0 
±5.0 
).LA 
IS(off)with 
S 
16 
VIN= 
±25V, 
Vo= 
±10V 
Overvoltage 
±1.0 
±2.0 
±5.0 


INPUT 


IEN(on)IA(on) 
Ao, A1' 
4 
VA=OV 


A2,A3 
0.01 
-10 
-30 
-10 
-30 


or 
or EN 
).LA 
4 
VA=15V 
IEN(off) IA(off) 
0.01 
10 
30 
10 
30 


• 


Ie».•..•. 
II) 
~ 
ELECTRICAL 
CHARACTERISTICS 


(V+ = 15V, v- = -15V, 
VEN = 2.4V, unless otherwise 
specified.) 
(Continued) 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
2S·C 
Temp 
-SS·C 
2S·C 12S·C O"C 2S·C 70·C 


DYNAMIC 


ttransition 
D 
See Figure 3 
0.3 
1 


topen 
D 
See Figure 4 
0.2 
IJ-s 
ton(EN) 
D 
See Figure 5 
0.6 
1.5 


toff(EN) 
D 
0.4 
1 


ton-toff Break- 
D 
VEN = + 5V. Ao, At. A2 Strobed 
25 
ns 


Before-Make 
VIN= 
±10V, 


Delay Settling 
See Figure 6 


Time 


"OFF" 
D 
VEN = OV, RL = 2000, 
CL = 3pF, 
60 
dB 
Isolation 
Vs=3VRMS, 
f=500kHz 


Cs(off) 
S 
Vs=OV 
VEN=OV, 
5 


CO(off) 
D 
Vo=OV 
f= 140kHz 
25 
pF 
to 1 MHz 
COS(off) 
DtoS 
Vs=OV, 
Vo=OV 
1 


SUPPLY 


Supply I 
+ 
1+ 
1 
AIIVA=OV/5V 
0.5 
0.6 
1.0 


Current I 
VEN=5V 
mA 
- 
1- 
1 
0.02 
0.6 
1.0 


V. 
tr< 
lOOns 


t, < 100 ns O.SV 


VOUT 
VS1 =+10V 
VS16=-10V 


Vour 
VS1 :-lOV 
VS16=+10V 


Rp 
•••~Cp 
~...•....i 
~ 
PROBE IMPEDANCE 


•••• 
Rp ~ 
1 lr.lll 
Cp:S 30 pf 


\ 


0290-5 


Figure 4: topen (Break-Before-Make) 
Switching Test Circuit and Waveforms 


Your 


J5pF 


V 
OUT 
VS1 = -2V 


51 ON 
• 


Vour 


3S pF 


EN 
tr< lOOns 
It< 
lOOn. 
O.SV 


5,-5'6 
t 10V 
Ao 


A, 
A2 
AJ 


EN 
+SV 


+3V 


~v 
F.JJ>.=:J 
Ao_,_A_,,_A2'AJ 
.I 
SEQUENCED 


~ 


DETAILED 
DESCRIPTION 


The IH5116, 
like all Harris 
multiplexers, 
contains 
a set of 
CMOS 
switches 
that form the channels, 
and driver 
and de- 
coder 
circuitry 
to control 
which 
channel 
turns 
ON, if any. In 
addition, 
the 
IH5116 
contains 
an internal 
regulator 
which 
provides 
a fully TTL compatible 
ENable 
input that is identi- 
cal in operation 
to the Address 
inputs. 
This does away with 
the special 
conditions 
that 
many 
multiplexer 
enable 
inputs 
require 
for proper 
logic 
swings. 
The identical 
circuit 
condi- 
tions of the ENable 
and Address 
lines also helps ensure 
the 
extension 
of 
break-before-make 
switching 
to 
wider 
multi- 
plexer 
systems 
(see applications 
section). 


Another, 
and more important 
difference 
lies in the switch- 
ing channel. 
Previous 
devices 
have used parallel 
n- and p- 
channel 
MOSFET 
switches. 
While 
this scheme 
yields 
rea- 
sonably 
good 
ON resistance 
characteristics 
and allows 
the 
switching 
of rail-to-rail 
input signals, 
it also has a number 
of 
drawbacks. 
The sources 
and drains of the switch 
transistors 
will conduct 
to the substrate 
if the 
input 
goes 
outside 
the 
supply 
rails, 
and 
even 
careful 
use of diodes 
cannot 
avoid 
channel-to-output 
and channel-to-channel 
coupling 
in cases 
of input overrange. 
The IH5116 
uses a novel series arrange- 
ment of the p- and n-channel 
switches 
(Figure 
7) combined 
with 
a 
dielectrically 
isolated 
process 
to 
eliminate 
these 
problems. 


Within the normal 
analog 
signal range, the inherent 
varia- 
tion of switch 
ON resistance 
will balance 
out almost 
as well 
as the customary 
parallel 
configuration, 
but as the analog 
signal 
approaches 
either 
supply 
rail, even for an ON chan- 
nel, 
either 
the 
p- or the 
n-channel 
will 
become 
a source 


follower, 
disconnecting 
the channel 
(Figure 8). Thus protec- 
tion is provided 
for any input or output 
channel 
against 
over- 
voltage, 
even in the absence 
of multiplexer 
supply voltages. 
This applies 
up to the breakdown 
voltage 
of the respective 
switches. 
Figure 
9 shows 
a more detailed 
schematic 
of the 
channel 
switches, 
including 
the 
back-gate 
driver 
devices 
which 
ensure 
optimum 
channel 
ON resistances 
and break- 
down 
voltage 
under the various 
conditions. 


Under some circumstances, 
if the logic inputs are present 
but the multiplexer 
supplies 
are not, the circuit 
will use the 
logic inputs 
as a sort of phantom 
supply; 
this could 
result in 
an output 
up to that logic level. To prevent 
this from 
occur- 
ring, simply ensure 
that the ENable 
pin is LOW any time the 
multiplexer 
supply 
voltages 
are missing 
(Figure 
10). 


-25V 
Q2 


OVERVOLTAOE 
S 
D 
S 
° 


N·CHANNEL 
MOSFET-r/1D 
IS TURNED ON 
BECAUSE 
Vus - +25V 
":" 
":" 
P·CHANNEL 
MOSFET 
IS OFF 


+25V 
FORCED 
ON COMMON 
OUTPUT 


S 
° 
~~=~AL 
10"" 
CIRCUITRY 
.1 
N·CHANNEL 
.". 
MOSFET 
IS OFF 


+25YFORCED 
ON COMMON 
-25V 
OUTPUT 
OVERVOLTAOE 
LINE BY 


/~ 
'1 
~~J~~I~:~ 


N·CHANNEL 
MOSFET 
N.CHANNEL 
IS TURNED 
ON 
MOSFET 
IS OFF 


BECAUse 
~s· 
+10V 
-1SV 
FROM 
+15V 
FROM 
P.CHANNEL 


DRIVERS 
DRIVERS 
MOSFET 
IS OFF 


(b) OVERVOLTAGE 
WITH MUX POWER ON 


Figure 8: Overvoltage 
Protection 
• 


MAXIMUM 
SIGNAL HANDLING 
CAPABILITY 


The 
IH5116 
is designed 
to handle 
signals 
in the 
±10V 
range, 
with 
a typical 
ROS(on) 
of 900n; 
it can 
successfully 
handle 
signals 
up to 
± 12V, however, 
ROS(on) 
will increase 
to about 
1.8kn. 
Beyond 
± 12V the 
device 
approaches 
an 
open circuit, 
and thus 
± 12V is about 
the practical 
limit, see 
Figure 
11. 


0290-15 
Figure 10: Protection Against Logic Input 


Figure 
12 shows 
the 
input/output 
characteristics 
of an 
ON channel, 
illustrating 
the 
inherent 
limiting 
action 
of the 
series 
switch 
connection 
(see 
Detailed 
Description), 
while 
Figure 
13 gives 
the ON resistance 
variation 
with tempera- 
ture. 
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T.::: 2SOC 
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IH5116 APPLICATIONS 


ROS(on) 


(Ohms) 


1500 


1400 
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1200 
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IH5116 APPLICATIONS 
(Continued) 
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+15V 
-15V 


EN 
GNO 
y+ 
VL 
+5V 
+15V 
IH5116 


IH5041 
°1 
Ao 
Al 
516 
5, 
A2 
+15V 
-15V 
A3 
VOUT 


IH5116 
°2 


EN 


A" 
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TRUTH TABLE 
TRUTH TABLE 


A4 
A3 
A2 
Al 
Ao 
ON SWITCH 


0 
0 
0 
0 
0 
81 


0 
0 
0 
0 
1 
82 


0 
0 
0 
1 
0 
83 


0 
0 
0 
1 
1 
84 


0 
0 
1 
0 
0 
85 


0 
0 
1 
0 
1 
86 


0 
0 
1 
1 
0 
87 


0 
0 
1 
1 
1 
88 


0 
1 
0 
0 
0 
89 


0 
1 
0 
0 
1 
810 


0 
1 
0 
1 
0 
811 


0 
1 
0 
1 
1 
812 


0 
1 
1 
0 
0 
813 


0 
1 
1 
0 
1 
814 


0 
1 
1 
1 
0 
815 


0 
1 
1 
1 
1 
816 


A4 
A3 
A2 
Al 
Ao 
ON SWITCH 


1 
0 
0 
0 
0 
817 


1 
0 
0 
0 
1 
818 


1 
0 
0 
1 
0 
819 


1 
0 
0 
1 
1 
820 


1 
0 
1 
0 
0 
821 


1 
0 
1 
0 
1 
822 


1 
0 
1 
1 
0 
823 


1 
0 
1 
1 
1 
824 


1 
1 
0 
0 
0 
825 


1 
1 
0 
0 
1 
826 


1 
1 
0 
1 
0 
827 


1 
1 
0 
1 
1 
828 
1 
1 
1 
0 
0 
829 


1 
1 
1 
0 
1 
830 


1 
1 
1 
1 
0 
831 
1 
1 
1 
1 
1 
832 • 


A4 
A3 
A2 
A1 
AO 
ON SWITCH 


0 
0 
0 
0 
0 
51 


0 
0 
0 
0 
1 
52 


0 
0 
0 
1 
0 
53 


0 
0 
0 
1 
1 
54 


0 
0 
1 
0 
0 
55 


0 
0 
1 
0 
1 
56 


0 
0 
1 
1 
0 
57 


0 
0 
1 
1 
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58 


0 
1 
0 
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0 
59 
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1 
0 
0 
1 
510 


0 
1 
0 
1 
0 
511 


0 
1 
0 
1 
1 
512 


0 
1 
1 
0 
0 
513 


0 
1 
1 
0 
1 
514 


0 
1 
1 
1 
0 
515 


0 
1 
1 
1 
1 
516 


A4 
A3 
A2 
A1 
AO 
ON SWITCH 


1 
0 
0 
0 
0 
517 


1 
0 
0 
0 
1 
518 


1 
0 
0 
1 
0 
519 


1 
0 
0 
1 
1 
520 


1 
0 
1 
0 
0 
521 


1 
0 
1 
0 
1 
522 


1 
0 
1 
1 
0 
523 


1 
0 
1 
1 
1 
524 


1 
1 
0 
0 
0 
525 


1 
1 
0 
0 
1 
526 


1 
1 
0 
1 
0 
527 


1 
1 
0 
1 
1 
528 


1 
1 
1 
0 
0 
529 


1 
1 
1 
0 
1 
530 


1 
1 
1 
1 
0 
531 
1 
1 
1 
1 
1 
532 


IH5116 
lOUT or 16 
MUX 


General note on expandability of IH5116 


Figures 
15,16, 
and 17 show 
how the IH5116 
can be ex- 
panded. 


Figure 
15 shows 
a 1 of 32 multiplexer, 
using 2 IH5116s. 


Figure 
16 shows 
the 
1 of 32 MUX 
of Figure 
15, with 
a 
second 
tier of submultiplexing 
added 
to further 
reduce 
leak- 
age 
and 
output 
capacitance. 
The 
IH5041 
has typical 
ON 
resistances 
of 50n 
(max. is 75n) 
so it only increases 
thru- 
put channel 
resistance 
from the 900n 
of Figure 
15 to about 
950n 
for Figure 
16. 


Figure 
17 shows 
a 1 of 64 MUX using 2 tier MUXing 
(simi- 
lar to Figure 
16). The Your 
point will see 15 OFF channels 
and 1 ON channel 
at anyone 
time, so that the typical 
leak- 
ages will be about 
0.05 nA. Throughput 
channel 
resistance 
will be in the 950n 
range. 


USING THE IH5116 WITH SUPPLIES 
OTHER THAN 
± 15V 


The IH5116 
will operate 
successfully 
with supply voltages 
from 
± 5V to ± 15V, however, 
rOS(on) increases 
as supply 


IH5116 
lOUT 
or 16 
MUX 


voltage 
decreases, 
as shown 
in Figure 
11. Leakage 
cur- 
rents, on the other 
hand, decrease 
with a lowering 
of supply 
voltage, 
and therefore 
the error term product 
of rOS(on) and 
• 
leadkage 
current 
remains 
reasonably 
constant. 
rOS(on) also 
: 
decreases 
as signal levels decrease. 
For high system 
accu- 
racy [acceptable 
levels of rOS(on)] the maximum 
input signal 
should 
be 3V less than the supply voltages. 
The logic levels 
remain 
TTL compatible. 


APPLICATION 
NOTES 


Further 
information 
may be found 
in: 
A003 
"Understanding 
and Applying 
the Analog 
Switch" 


A006 
"A New CMOS 
Analog 
Gate Technology" 


A020 
"A Cookbook 
Approach 
to High Speed 
Data Acquisi- 


tion and Microprocessor 
Interfacing" 


R009 
"Reduce 
CMOS 
Multiplexer 
Troubles 
Tbrough 
Prop- 
er Device 
Selection" 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
IH5208 
is a dielectrically 
isolated 
CMOS 
monolithic 
analog 
multiplexer. 
designed 
as a plug-in 
replacement 
for 
the 
HI549 
and similar 
devices. 
but adds fault 
protection 
to 
the standard 
performance. 
A unique 
serial 
MOSFET 
switch 
ensures 
that 
an OFF 
channel 
will 
remain 
OFF 
when 
the 
input exceeds 
the supply rails by up to ± 25V. even with the 
supply 
voltage 
at zero. Further. 
an ON channel 
will be limit- 
ed to a throughput 
of about 
1.5V less than the supply 
rails. 


thus 
affording 
protection 
to any following 
circuitry 
such 
as 
op amps. 
D/ A converters. 
etc. 


A binary 2-bit address 
code 
together 
with the ENable 
in- 
put 
allows 
selection 
of 
any 
channel 
pair 
or 
none 
at all. 


These 
3 inputs 
are all TIL 
compatible 
for easy 
logic inter- 


face; 
the ENable 
input also facilitates 
MUX expansion 
and 


cascading. 


Part Number 
Temperature 
Package 
Range 


IH5208MJE 
- 55·C to + 125·C 
16 pin CERDIP 


IH52081JE 
- 25·C to + 85·C 
16 pin CERDIP 


IH5208CPE 
O·Ct070·C 
16 pin plastic 
DIP 


2 LINE BINARY ADDRESS INPUTS 


(0 0) AND EN ~ 
1 


ABOVE EXAMPLE SHOWS CHANNELS la AND lb ON 


Figure 
1. Functional 
Diagram 


IH5208 
4-Channel 
Differential 
Fault Protected 
CMOS Analog Multiplexer 


FEATURES 


• All Channels 
OFF When 
Power 
OFF, for Analog 
Signals 
Up to ± 25V 


• Power 
Supply 
Quiescent 
Current 
Less Than 
1,...A 
• ± 13V Analog 
Signal 
Range 


• No SCR Latchup 


• Break-Before-Make 
Switching 


• TIL 
and CMOS Compatible 
Strobe 
Control 


• Pin Compatible 
With HI549 


• Any Channel 
Turns 
OFF If Input Exceeds 
Supply 
Rails by Up to ± 25V 


• TIL 
and CMOS 
Compatible 
Binary 
Address 
and 
ENable 
Inputs 


Al 
Ao 
EN 
On Switch 
Pair 


X 
X 
0 
NONE 
0 
0 
1 
la.lb 
0 
1 
1 
2a.2b 
1 
0 
1 
3a.3b 
1 
1 
1 
4a.4b 


Ao. A,. EN 
Logic "1"~VAH;'2.4V 
Logic "0"~VAL"0.6V 


TOP VIEW 
Figure 
2: Pin Configuration 
(Outline 
dwg 
JE, PEl 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
304250.004 


ABSOLUTE 
MAXIMUM 
RATINGS 


VIN(A,EN)toGround 
-15V, 
+15V 
VsorVotoV+ 
.........•..•..•.......... 
+25V, 
-40V 
VsorVotoV- 
-25V, 
+40V 
v+ 
to Ground 
20V 
V - 
to Ground 
.............•..•..•..•..•..•..... 
- 20V 
Current 
(Any Terminal) 
.....•.....•..•........... 
20mA 
Operating 
Temperature 
C Suffix 
................•..•..•........ 
O"C to + 70'C 
I Suffix 
................•..•..•...... 
- 25'C to + 85'C 
M Suffix 
..............•..•......... 
- 55"C to + 125'C 


Storage 
Temperature 
C Suffix 
- 65'C to + 125'C 
I & M Suffix 
- 65'C to + 150'C 
Lead Temperature 
(Soldering, 
10 see) 
300·C 
Power 
Dissipation' 
CERDIP 
Package" 
900 mW 
Plastic Package'" 
.470 mW 


'Oevice 
mounted with all leads soldered 
or welded to PC board. 


"Derate 
12 mwrc above 7S'C 


••• Derate 6.3 mWrc above 7S'C 


NOTE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. 
These are stress ratings only 


and functional operation of the device at these or Bny other conditions 
above those indicated in the operational 
sections of the specifications 
is not 
implied. Exposure 
to absolute maximum fating conditions 
for extended peri- 


ods may affect device reliability. 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test 
Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
2S'C 
-2S'CI 
8S'CI 
Temp 
-SS'C 
2S'C 
12S'C 
O'C 
2S'C 
70'C 


SWITCH 


ROS(on) 
StoD 
8 
Vo=10V, 
Sequence 
each 
900 
1200 
1200 
1800 
1500 
1500 
2000 
Is= 
-1QO,.,.A 
switch on 
n 
8 
Vo= 
-10V 
VAL =0.8V, 
900 
1200 
1200 
1800 
1500 
1500 
2000 
Is= 
-1QO,.,.A 
VAH=2.4V 


aROS(on) 
toR 
- 
ROS(on)max-ROS(on)min 
OS(on)- 
5 
% 
Ros~on)avg. 


Vs=±10 


IS(off) 
S 
8 
Vs=10V, 
±0.02 
±0.5 
±50 
± 1.0 
±50 
Vo= 
-10V 


8 
Vs= 
-10V, 
±0.02 
±0.5 
±50 
±1.0 
±50 
Vo=10V 
nA 


IO(off) 
D 
1 
Vo=10V, 
VEN=0.8V 
±0.02 
±1.0 
±100 
±2.0 
±100 
Vs= 
-10V 


1 
Vo= 
-10V,Vs=10V 
±0.05 
±1.0 
±100 
±2.0 
±100 


IO(on) 
D 
8 
VS(AII)=VO= 
10V 
Sequence 
each 
±0.1 
±2.0 
±100 
±5.0 
±100 
switch on 


8 
VS(AII)=VO= 
-10V 
VAL =0.8V, 
VAH=2.4V 
±0.1 
±2.0 
±100 
±5.0 
±100 


FAULT 


I~swith 
S 
8 
Vsupp=OV, 
VIN= 
±25V, 
±1.0 
±2 
±5 
Power OFF 
VEN=VO=OV, 
Ao, A1' A2=OV 
,.,.A 


IS(off) with 
S 
8 
VIN= 
±25V, 
Vo= 
±10V 
±1.0 
±5 
±10 
Overvoltage 


INPUT 


IEN(on) IA(on) or 
AO,A1,AA2 
4 
VA=OV 
0.01 
-10 
-30 
-10 
-30 


IEN(off) IA(off) 
orEN 
,.,.A 
4 
VA=15V 
0.01 
10 
30 
10 
30 
• 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
25·C 
-20·CI 
85·CI 
Temp 
-55·C 
25·C 125·C 
O·C 
25·C 70"C 


DYNAMIC 


transition 
D 
See Figure 3 
0.3 


''open 
D 
See Figure 4 
0.2 
fJos 


on(EN) 
D 
See Figure 5 
0.6 
1.5 


off(EN) 
D 
0.4 
1 


~n-taff 
Break- 
D 
VEN= 
+5V, 
Ao, A1' A2 Strobed 
10 
ns 
Before-Make 
VIN= 
±10V, 
Delay Settling 
See Figure 6 
Irime 


"OFF" 
D 
VEN = OV, RL = 200.0, CL = 3pF, 
60 
dB 
Isolation 
Vs=3VRMS, 
f=500kHz 


Cs(off) 
S 
Vs=OV 
VEN=OV, 
5 


~D(Off) 
D 
VD=OV 
f=140kHz 
25 
pF 
to 1 MHz 
~DS(off) 
DtoS 
Vs=OV, 
VD=OV 
1 


SUPPLY 


~upply 
I + I 
1+ 
1 
VEN=5V 
10.51 
0.7 
0.6 
0.5 
11.0 I 
mA 
~urrent 
I- 
I- 
1 
All VA=OV/5V 
0.02 
0.7 
0.6 
0.5 
1.0 


PROBE 
IMPEDANCE 
Rp~1MO 
Cp~3OpF 
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Figure 
3: ttransitlan 
Switching 
Test 
Circuit 
and Waveforms 


VA 


SWITCH 
OUTPUT 


VOUT 
0 


O.9VO 
Vo 
Vs 


+3.0V 


~~ 


I, 
-+- 


+3V 
YEN 
. __ •• _~r""1 
I,ANDt,s10l.:)M 
~_.50·1o 
-~ 
OV 
"N'''' 
~ "N{ott} 
O.1Vo 


SWITCHOUTPUT 
Vour 


51.-5,,- 
S,b-S4b 
t10V 


Ao 
" 
EN 


.5V 


•••• _ 
•••• lOOIC 


INPUTs10nl 


+3V 
l--.,.=I. 
::_Q_~ENCED 


I I 


BREAK·BEFORE 
I: 
: 
INPUT 
MAKEDELAY-~,J- 
-I 
'_+IOV 


:V 
¥ 


:,l 
:A: 
BR:~:~~~ 
-h.'- 
-_i\-~io~T • 


CDo 
(It 
II)! 
DETAILED 
DESCRIPTION 


The IH5208, 
like all Harris' 
multiplexers, 
contains 
a set of 
CMOS 
switches 
that form the channels, 
and driver 
and de- 
coder 
circuitry 
to control 
which 
channel 
turns 
ON, if any. In 
addition, 
the 
IH5208 
contains 
an internal 
regulator 
which 
provides 
a fully ITL 
compatible 
ENable 
input that is identi- 
cal in operation 
to the Address 
inputs. This does away with 
the 
special 
conditions 
that 
many 
mUltiplexer 
enable 
inputs 
require 
for proper 
logic swings. 
The identical 
circuit 
condi- 
tions of the ENable 
and Address 
lines also helps ensure 
the 
extension 
of 
break-before-make 
switching 
to 
wider 
multi- 
plexer 
systems 
(see applications 
section). 


Another, 
and more important 
difference 
lies in the switch- 
ing' channel. 
Previous 
devices 
have used parallel 
n- and p- 
channel 
MOSFET 
switches. 
While 
this 
scheme 
yields 
rea- 
sonably 
good 
ON resistance 
characteristics 
and allows 
the 
switching 
of rail-to-rail 
input signals, 
it also has a number 
of 
drawbacks. 
The sources 
and drains of the switch transistors 
will conduct 
to the substrate 
if the 
input 
goes 
outside 
the 
supply 
rails, 
and even 
careful 
use of diodes 
cannot 
avoid 
channel-to-output 
and channel-to-channel 
coupling 
in cases 
of input overrange. 
The IH5208 
uses a novel series arrange- 
ment of the p- and n-channel 
switches 
(Figure 7) combined 
with 
the 
dielectrically 
isolated 
process 
to eliminate 
these 
problems. 


Within 
the normal 
analog 
signal range, the inherent 
varia- 
tion of switch 
ON resistance 
will balance 
out almost 
as well 
as the customary 
parallel 
configuration, 
but as the analog 
signal 
approaches 
either 
supply 
rail, even for an ON chan- 
nel, 
either 
the 
p- or the 
n-channel 
will 
become 
a source 
follower, 
disconnecting 
the channel 
(Figure 8). Thus protec- 
tion is provided 
for any input or output channel 
against 
over- 
voltage, 
even in the absence 
of mUltiplexer 
supply voltages. 
This applies 
up to the breakdown 
voltage 
of the respective 
switches. 
Figure 
9 shows 
a more detailed 
schematic 
of the 
channel 
switches, 
including 
the 
back-gate 
driver 
devices 
which 
ensure 
optimum 
channel 
ON resistances 
and break- 
down 
voltage 
under 
the various 
conditions. 


-25V 
0, 


OVERVOLTAOE 
$ 
D 
$ 
° 


N·CHANNEL 
MOSFET---r/1D 
1$TURNED ON 
BECAUSE 
Vas a + 25Y 
':" 
'=" 
P·CHANNEL 
•• O$FET 1$OFF 


+25VFORCED 
ONCO •••• ON 
OUTPUT 


$ 
° 
LINE BY 
EXTERNAL 
TD'" 
CIRCUITRY 


.1 
N-CHANNEL 
.,.. 
"O$FET 
1$OFF 
J-ll 


0'5Y 
.,5V 
-15V 
._FOACED 


ONCO •• MON 
- 25V 
a, 
0, 
0, 
OUTPUT 
OVERVOLTAOE 
LINE BY 


/~ 
'l~~~~:~ 


N-CHANNEL MOSFET 
N-CHANNEL 
IS TURNED ON 
MOSFET IS OFF 


BECAUSE Vos· 
+ 10Y 
-15V FROM + 15V FROM 
'.CHANNEL 
DRIVERS 
DRIVERS 
MOSFET IS OFF 
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(b) OVERVOLTAGE 
WITH MUX POWER ON 


Figure 8: Overvoltage 
Protection 


Under some circumstances, 
if the logic inputs are present 
but the multiplexer 
supplies 
are not, the circuit 
will use the 
logic inputs as a sort of phantom 
supply; 
this could 
result in 
an output 
up to that logic level. To prevent 
this from 
occur- 
ring, simply ensure 
that the ENable 
pin is LOW any time the 
multiplexer 
supply 
voltages 
are missing 
(Figure 
10). 


MAXIMUM 
SIGNAL HANDLING 
CAPABILITY 


The 
IH5208 
is designed 
to handle 
signals 
in the 
± 10V 
range, 
with 
a typical 
rDS(on) of 90011; it can 
successfully 
handle signals 
up to ± 12V, however, 
rDSlon) will increase 
to 
about 
1.8kl1. 
Beyond 
± 12V 
the 
device 
approaches 
an 
open circuit, 
and thus ± 12V is about the practical 
limit, see 
Figure 
11. 


Figure 
12 shows 
the 
input/output 
characteristics 
of 
an 
ON channel, 
illustrating 
the 
inherent 
limiting 
action 
of the 
series 
switch 
connection 
(see 
Detailed 
Description), 
while 
Figure 
13 gives 
the ON resistance 
variation 
with 
tempera- 
ture. 


0293-14 
I;'igure 9: Detailed Channel Switch Schematic 
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APPLICATION 
NOTES 
i 
Further 
information 
may be found 
in: 
A003 
"Understanding 
and Applying 
the Analog 
Switch" 


A006 
"A New CMOS 
Analog 
Gate Technology" 


A020 
"A Cookbook 
Approach 
to High Speed 
Data Acquisi- 
tion and Microprocessor 
Interfacing" 


USING THE IH5208 WITH SUPPLIES 
OTHER THAN 
± 15V 


The IH5208 
will operate 
successfully 
with supply voltages 
from 
± 5V to ± 15V. however 
rOS(on) increases 
as supply 
voltage 
decreases. 
as shown 
in Figure 
11. 
Leakage 
cur- 


rents. on the other hand. decrease 
with a lowering 
of supply 
voltage. 
and therefore 
the error term product 
of rOS(on) and 
leakage 
current 
remains 
reasonably 
constant. 
rOS(on) also 
decreases 
as signal levels decrease. 
For high system 
accu- 
racy [acceptable 
levels of rOS(on)] the maximum 
input signal 
should 
be 
3V 
less 
than 
the 
supply 
voltages. 
The 
logic 
thresholds 
remain 
TTL compatible. 


On 
A2 
Al 
Ao 
Switch 
Pair 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
3 


0 
1 
1 
4 


1 
0 
0 
5 


1 
0 
1 
6 


1 
1 
0 
7 


1 
1 
1 
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Figure 14: 2 of 16 Channel Multiplexer Using Two IH5208s. Overvoltage 
Protection and 
Break-Before-Make 
Switching Are Extended to All Channels. 
• 
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IH5208 APPLICATIONS 
INFORMATION 
(Continued) 


I 
I 
I 
I 
I 


tH5CM3 
: 


I~ 


A3 
A2 
A, 
Ao 
On Switch 
On Switch 


0 
0 
0 
0 
S1a 
S1b 
0 
0 
0 
1 
S2a 
S2b 
0 
0 
1 
0 
S3a 
S3b 
0 
0 
1 
1 
S4a 
S4b 
0 
1 
0 
0 
S5a 
S5b 
0 
1 
0 
1 
S6a 
56b 
0 
1 
1 
0 
57a 
57b 
0 
1 
1 
1 
58a 
VOUTa 
S8b 
VOUTb 
1 
0 
0 
0 
59a 
S9b 
1 
0 
0 
1 
S10a 
510b 
1 
0 
1 
0 
S11a 
511b 
1 
0 
1 
1 
512a 
512b 
1 
1 
0 
0 
513a 
S13b 
1 
1 
0 
1 
514a 
S14b 
1 
1 
1 
0 
515a 
S15b 
1 
1 
1 
1 
516a 
S16b 


Figure 
15: SUbmultiplexed 
2 of 32 System. 
The Two 
IH5043s 
Are Overvoltage 
Protected 
By The 
IH5208s. 
Submultiplexing 
Reduces 
Output 
Capacitance 
and Leakage 
Currents. 


HARRIS 
SEMICONDUCTOR 


GENERAL DESCRIPTION 


The 
IHS216 
is a dielectrically 
isolated 
CMOS 
monolithic 
analog 
multiplexer, 
designed 
as a plug-in 
replacement 
for 
the HIS47 and similar devices, 
but adding fault protection 
to 
the standard 
performance. 
A unique 
serial 
MOSFET 
switch 
ensures 
that 
arr OFF 
channel 
will 
remain 
OFF 
when 
the 
input exceeds 
the supply rails by up to ± 2SV, even with the 
supply voltage 
at zero. Further, 
an ON channel 
will be limit- 


ed to a throughput 
of about 
1.SV less than the supply 
rails, 


thus 
affording 
protection 
to any following 
circuitry 
such 
as 
op 
amps, 
DI A 
converters, 
etc. 
Cross 
talk 
onto 
"good" 


channels 
is also prevented. 


A binary 
3-bit address-code 
together 
with the ENable 
in- 
put 
allows 
selection 
of 
any 
channel 
pair 
or 
none 
at 
all. 


These 
4 inputs 
are all TIL 
compatible 
for easy 
logic 
inter- 
face. The ENable 
input also facilitates 
MUX expansion 
and 
cascading. 


Part 
Temperature 
Package 
Number 
Range 


IHS216MJI 
- SS·C to + 12S·C 
28 pin CERDIP 


IHS216CJI 
a·Cto +7a·C 
28 pin CERDIP 


IHS216CPI 
a·Cto +7a·C 
28 pin Plastic DIP 


v + Commonto Substrate 
0294-1 


Figure 
1: Pin Configuration 
(Outline 
dwgs 
JI, PI) 


IH5216 
8-Channel 
Differential 
Fault Protected 
CMOS Analog Multiplexer 


FEATURES 


• All Channels 
OFF When 
Power 
OFF, for Analog 
Signals 
Up to ± 25V 


• Power 
Supply 
Quiescent 
Current 
Less Than 
1mA 
• ± 13V Analog 
Signal 
Range 


• No SCR Latchup 


• Break-Before-Make 
Switching 


• TTL and CMOS 
Compatible 
Strobe 
Control 


• Pin Compatible 
With HI547 


• Any Channel 
Turns 
OFF If Input Exceeds 
Supply 
Rails By Up to ± 25V 


• TTL and CMOS 
Compatible 
Binary 
Address 
and 
ENable 
Inputs 


A2 
A1 
Ao 
EN 
On Switch 


Pair 


X 
X 
X 
a 
NONE 
a 
a 
a 
1 
1 
a 
a 
1 
1 
2 
a 
1 
a 
1 
3 
a 
1 
1 
1 
4 


1 
a 
a 
1 
S 


1 
a 
1 
1 
6 


1 
1 
a 
1 
7 


1 
1 
1 
1 
8 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED 
OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


• 


S18 


S28~ 


S38~ 


S"'~ 


S58~ 


S68~ 


S78~ 


S88~ 


SIb 


S2b~ 


S3b~ 


S.b~ 


S5b~ 


S6b~ 


S7b~ 


S8b~ 


3 LINE BINARY ADDRESS INPUTS 
(000) 
AND EN =5V 
ABOVE EXAMPLE 
SHOWS CHANNELS 18 AND 1bON. 


Figure 2: Functional Diagram 


ABSOLUTE 
MAXIMUM 
RATINGS 


VIN (A, EN) to Ground 
-15V 
to + 15V 
VsorVotoV+ 
+25Vto 
-40V 
VsorVotoV- 
-25Vto 
+40V 


V + to Ground 
20V 
V- 
to Ground 
-20V 
Current(Any 
Terminal) 
20mA 
Operating 
Temperature 
C Suffix 
O'C to + 70'C 
M Suffix 
......................•... 
- 55'C to + 125'C 


Storage 
Temperature 
C Suffix 
- 65'C to + 125'C 
MSuffix 
-65'Cto 
+ 150'C 


Lead Temperature 
(Soldering, 
10 see) 
300'C 
Power 
Dissipation" 
28-Pin CERDJP Package"" 
1200mW 
28-Pin Plastic Package'" 
625mW 


• Device 
mounted with all leads soldered 
or welded 
to PC board. 


··Derate 16mwrc above 75°C 


·"Derate 
8.3mVrC 
above 75°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not 
implied. Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peri- 


ods may affect 
device reHability. 


ELECTRICAL 
CHARACTERISTICS 
(V+ = 15V, v- = -15V, 
VEN = 2.4V, unless otherwise 
specified.) 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
25'C 
Temp 
-55'C 
25'C 
125'C 
O"C 
25'C 
70"C 


SWITCH 


ROS(on) 
StoD 
16 
Vo= 
10V, 
Sequence 
each 
900 
1200 
1200 
1800 
1500 
1500 
2000 
Is= 
-100fLA 
switch on 
n 
16 
Vo= 
-10V 
VAL =0.8V, 


Is= 
-100fLA 
VAH=2.4V 
900 
1200 
1200 
1800 
1500 
1500 
2000 


AROS(on) 
AR 
- 
ROS(on)macROS(on)min 
5 
% 


OS(on)- 
ROS(on)avg. 


VS=±10V 


IS(oll) 
S 
16 
Vs=10V, 
±0.02 
±0.5 
±50 
±1.0 
±50 
Vo= 
-10V 


16 
Vs= 
-10V, 
±0.02 
±0.5 
±50 
±1.0 
±50 
Vo=10V 


10(011) 
D 
1 
Vo=10V, 
VEN=0.8V 
±0.05 
±1.0 
±100 
±2.0 
±100 
Vs= 
-10V 
nA 
1 
Vo= 
-10V,Vs= 
10V 
±0.05 
±1.0 
±100 
±2.0 
±100 


10(on) 
D 
16 
VS(AII)=VO= 
10V 
Sequence 
each 
±0.1 
±2.0 
±100 
±4.0 
±100 
switch on 


16 
VS(AII)=VO= 
-10V 
VAL =0.8V, 
VAH= 2.4V 
±0.1 
±2.0 
±100 
±4.0 
±100 


FAULT 


IS with 
S 
16 
Vsupp=OV, 
VIN= 
±25V. 
±1.0 
±2.0 
±5.0 
Power OFF 
VEN=VO=OV, 
Ao, Alo A2=OVor 
5V 
fLA 
IS(oll) with 
S 
16 
VIN= 
±25V, 
Vo= 
±10V 


Overvoltage 
±1.0 
±2.0 
±5.0 
• 


G.•. 
ell 
II')! 
ELECTRICAL 
CHARACTERISTICS 


(V+ = 15V. v- = -15V, 
VEN=2.4V, 
unless 
otherwise 
specified.) 
(Continued) 


No 
Max Limits 


Characteristic 
Measured 
Tests 
Test Conditions 
Typ 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
25°C 
Temp 
-55°C 
25°C 
125°C 
O°C 25°C 
700C 


INPUT 


IEN(on) IA(on) 
Ao,A, 
4 
VA=OV 
0.01 
-10 
-30 
-10 
-30 
or 
A2,A3 
JJ.A 
IEN(oft) IA(oft) 
orEN 
4 
VA=15V 
0.01 
10 
30 
10 
30 


DYt<lAMIC 


ttransition 
D 
See Figure 3 
0.3 
1 


IoDen 
D 
See Figure 4 
0.2 
JJ.s 


Ion(EN) 
D 
See Figure 5 
0.6 
1.5 


tofl(EN) 
D 
0.4 
1 


lon-toft Break- 
D 
VEN = + 5V, AO, A" 
A2 Strobed 
25 
ns 


Before-Make 
VIN= 
±10V. 


Delay Settling 
See Figure 6 


Time 


"OFF" 
D 
VEN=OV, 
RL =200n, 
CL =3pF, 
60 
dB 
Isolation 
Vs=3VRMS, 
f=500kHz 


Cs(oft) 
S 
Vs=OV 
VEN=OV, 
5 


CO(off) 
D 
Vo=OV 
f= 
140kHz 
25 
pF 
to 1 MHz 
COS(oft) 
DtoS 
Vs=OV, 
Vo=OV 
1 


SUPPLY 


Supply I 
+ 
1+ 
1 
AIIVA=OV/5V 
0.5 
0.6 
1.0 


Current I 
VEN=5V 
mA 
- 
1- 
1 
0.02 
0.6 
1.0 


VA 
tr< lOOns 
0.8V 
tf< lOOns 


Your 
VS1=+10V 
VS16=-10V 


Your 
VS1=-10V 
VSI6=+10V 


AO 
Al 
IH5216 
A2 


VA 


EN 


ttrans(I-16) 


-9V 
I--- S16 ON ----j 


+9V 
+tOV 


ltrans(1-16) 


Slb 
S2b 
S3b 
S4b 
S5b 
S6b 
S7b 
S8b 
02 Your 


PROBE I~PEDANCE 
Rp2:: 
1 ~n 
Cp:S 30 pF 


ltrans(16-1) 


Figure 3: ttransition Switching Test Circuit and Waveforms 
• 


\ 
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DETAILED 
DESCRIPTION 


The IH5216, 
like all Harris' 
multiplexers, 
contains 
a set of 
CMOS 
switches 
that form the channels, 
and driver and de- 
coder 
circuitry 
to control 
which 
channel 
turns ON, if any. In 
addition, 
the 
IH5216 
contains 
an internal 
regulator 
which 
provides 
a fully TTL compatibJe 
ENable 
input that is identi- 
cal in operation 
to the Address 
inputs. 
This does away with 
the 
special 
conditions 
that 
many 
multiplexer 
enable 
inputs 
require 
for proper 
logic swings. 
The identical 
circuit 
condi- 
tions of the ENable 
and Address 
lines also helps ensure 
the 
extension 
of 
break-before-make 
switching 
to wider 
multi- 
plexer 
systems 
(see applications 
section). 


Another, 
and more important 
difference 
lies in the switch- 


ing channel. 
Previous 
devices 
have used parallel 
n- and p- 
channel 
MOSFET 
switches. 
While 
this scheme 
yields 
rea- 
sonably 
good 
ON resistance 
characteristics 
and allows 
the 
switching 
of rail-to-raH input signals, 
it also has a number 
of 
drawbacks. 
The sources 
and drains of the switch transistors 
will conduct 
to the substrate 
if the 
input 
goes 
outside 
the 
supply 
rails, 
and 
even 
careful 
use of diodes 
cannot 
avoid 
channel-to-output 
and channel-to-channel 
coupling 
in cases 
of input overrange. 
The IH5216 
uses a novel series arrange- 
ment of the p- and n-channel 
switches 
(Figure 
7) combined 
with 
the 
dielectrically 
isolated 
process 
to 
eliminate 
these 
problems. 


Within 
the normal 
analog 
signal range, the inherent 
varia- 


tion of switch 
ON resistance 
will balance 
out almost 
as well 
as the customary 
parallel 
configuration, 
but as the analog 
signal 
approaches 
either 
supply 
rail, even for an ON chan- 
nel, either 
the 
p- or the 
n-channel 
will 
become 
a source 
follower, 
disconnecting 
the channel 
(Figure 8). Thus protec- 


tion is provided 
for any input or output 
channel 
against 
over- 
voltage, 
even in the absence 
of multiplexer 
supply voltages. 


This applies 
up to the breakdown 
voltage 
of the respective 
switches. 
Figure 
9 shows 
a more detailed 
schematic 
of the 
channel 
switches, 
including 
the 
back-gate 
driver 
devices 
which 
ensure 
optimum 
channel 
ON resistances 
and break- 


down 
voltage 
under 
the various 
conditions. 


-25V 
02 
OVERVOLTAGE 
S 
0 
S 
G 
S 


N·CHANNEL 
MOSFET---r/l0 
1$ TURNED 
ON 
BECAUSE 
VGs z + 25V 
- 
- 
- 
- 
P·CHANNEL 
MOSFET 
IS OFF 


+25VFORCED 
ON COMMON 
OUTPUT 
L1NEIY 
EXTERNAL 
CIRCUITRY 


N.(:HANNEL 
MOSFET 
IS OFF 
J-ll 


-'SV 
.'SV 
-'SV 
.25VFORCED 


ON COMMON 
- 25V 
01 
Ot 
Os 
OUTPUT 
OVEAYOLTAQE 
LINE IV 


/~ 


'l 
g:~~~;~ 


N·CHANNEL MOSFET 
N.CHANNEL 
1$TURNED ON 
MOSFET 1$OFF 
BECAUSE Vos· 
+10V 
-15V FROM +15V fROM 
P.CHANNEL 
DRIVERS 
DRIVEAS 
MOSFET IS OFF 


0294-13 


(b) OVERVOLTAGE 
WITH MUX POWER ON 


Figure 8: Overvoltage 
Protection 


Under some circumstances, 
if the logic inputs are present 
but the multiplexer 
supplies 
are not, the circuit 
will use the 


logic inputs as a sort of phantom 
supply; 
this could 
result in 
an output 
up to that logic level. To prevent 
this from occur- 


ring, simply ensure 
that the ENable 
pin is LOW any time the 


multiplexer 
supply 
voltages 
are missing 
(Figure 
10) . 


• 


MAXIMUM SIGNAL HANDLING 
CAPABILITY 


The 
IH5216 
is designed 
to handle 
signals 
in the ± 10V 
range, 
with 
a typical 
rOS(on) of 900n; 
it can 
successfully 
handle signals 
up to ± 12V, however, 
ros(on) will increase 
to 
about 
1.8kn. 
Beyond 
± 12V 
the 
device 
approaches 
an 
open circuit, 
and thus ± 12V is about the practical 
limit, see 
Figure 
11, 


Figure 
12 shows 
the 
input! output 
characteristics 
of an 
ON channel, 
illustrating 
the 
inherent 
limiting 
action 
of the 
series 
switch 
connection 
(see 
Detailed 
Description), 
while 
Figure 
13 gives 
the ON resistance 
variation 
with 
tempera- 
ture. 


USING THE IH5216 WITH SUPPLIES 
OTHER THAN ± 15V 


The IH5216 
will operate 
successfully 
with supply voltages 
from 
± 5V to ± 15V, however 
rOS(on) increases 
as supply 
voltage 
decreases, 
as shown 
in Figure 
11. Leakage 
cur- 
rents, on the other hand, decrease 
with a lowering 
of supply 
voltage, 
and therefore 
the error term product 
of rOS(on) and 
leakage 
current 
remains 
reasonably 
constant. 
rOS(on) also 
decreases 
as signal levels decrease. 
For high system 
accu- 
racy [acceptable 
levels of rOS(on)) the maximum 
input signal 
should 
be 
3V 
less 
than 
the 
supply 
voltages. 
The 
logic 
thresholds 
remain 
TIL 
compatible. 


ROS(on) 
(on) 


2600 


2500 


2400 


2300 


2200 


2100 


2000 


1900 


1800 
1700 


1600 


1500 
1400 


1300 


1200 


1100 


1000 


900 


800 


700 


600 


500 


400 


300 


200 


100 


215-14-13-12-11-10-9-8 
-7 -6 -5 -4 -3 -2 
-1 
0 
1 
2 
3 
4 
5 
6 


V1N- Analog 
Signal 
Input 
Voltage 
(volts) 


A 
B 
C 
D 
E\ 
I 
\ 
II 
I 
\ 
\ 
'\, / 
I 
I 
I 
\ 
I 
\ 
1\ 
I 
\ 
\ 
I 
I 
\ 
, 
'" 
/ 
I 
/ 
, 
1\ 
I\. 
- 
/ 
I 
Ta= 25"C 
\.. 
r-.. " 


1/ 
/ 
I.- -100 J<A " 
'- 
1/ 
,/ 
......r--.. 
.... 


A) V+ 
+15V, V- 
-15V 


B) V+ =+12V, V- --12V 


C) V+ =+10V, V- =-10V 


0) V+ = +7.5V, V- = -7.5V 


E) V+=+5V, 
V-=-5V 
I 


I I I I I I I I 


• 


ROS(on) 
(Ohms) 


1500 


1400 


1300 


1200 


1100 


1000 


900 


800 


700 


600 


500 


400 


300 


200 


100 
a 
-55 


~\s 
------ 
-- 


_\O~~ 
~ 
--- 
---- 
--- 
--- 
--- 
--- 
---- 
--- 


V+ =+15V 


V- =-15V 


Vin -t 10V 


• 
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(\I 
II) 
~ 
IH5216 APPLICATIONS 


A3 
A2 
A1 
Ao 
On Switch 


0 
0 
0 
0 
S1a 
0 
0 
0 
1 
S2a 
0 
0 
1 
0 
S3a 
0 
0 
1 
1 
S4a 
0 
1 
0 
0 
S5a 
0 
1 
0 
1 
S6a 
0 
1 
1 
0 
S7a 
0 
1 
1 
1 
S8a 
VOUT1 
1 
0 
0 
0 
S9a 
1 
0 
0 
1 
S10a 
1 
0 
1 
0 
S11a 
1 
0 
1 
1 
S12a 
1 
1 
0 
0 
S13a 
1 
1 
0 
•...1 
S14a 
1 
1 
1 
0 
S15a 
1 
1 
1 
1 
S16a 


A3 
A2 
A1 
Ao 
On Switch 


0 
0 
0 
0 
S1b 
0 
0 
0 
1 
S2b 
0 
0 
1 
0 
S3b 
0 
0 
1 
1 
S4b 
0 
1 
0 
0 
S5b 
0 
1 
0 
1 
S6b 
0 
1 
1 
0 
S7b 
0 
1 
1 
1 
S8b 
VOUT2 
1 
0 
0 
0 
S9b 
1 
0 
0 
1 
S10b 
1 
0 
1 
0 
S11b 
1 
0 
1 
1 
S12b 
1 
1 
0 
0 
S13b 
1 
1 
0 
1 
S14b 
1 
1 
1 
0 
S15b 
1 
1 
1 
1 
S16b 


"""~.._._I 
11_ 
••- 
_ 
•• 
- 
••. r"----------" 


Figures 
14, 15, and 16 show 
how the IH5216 
is expand- 
ed. Figure 
14 shows 
a 2 of 32 mUltiplexer, 
using 2 IH5216s. 


Corresponding 
output 
points 
of each 
of the 
IH5216s 
are 
connected 
together, 
and the ENable 
input strobe 
is used as 
the A3 input. Since each output 
(pins 2 and 28) corresponds 


looks like 1 "UN" r-~ I ana 
I 
ur-r- 
rc I::' 
IVI 
Oct••.•11 VI 
U Iv 


VOu!1 and Vou12 outputs. 
Thus the output 
leakage 
will be 1 
ID(on) plus 7 ID(off)S or about 
0.45nA 
at room 
temperature. 


Throughput 
speed 
will be typically 
0.6fLs for Ion and O.4fLs 
for 
toff, 
with 
throughput 
channel 
resistance 
in the 
9500 
area. 


• 


10.•. 
N.,! 
Figure 
15 shows 
the 2 of 32 MUX, with a second 
tier of 
submultiplexing 
added 
to reduce 
leakage 
and output 
capac- 
itance. 
The IH5043 
has typical 
ON resistance 
of 500 
(max. 
is 750) 
so it only increases 
throughput 
channel 
resistance 
from 
the 
900 
ohms 
of 
Figure 
14 to 
about 
950 
ohms 
for 
Figure 
15. Throughput 
channel 
speed 
is a little 
slower 
by 
about 0.5/-,s for both ON and OFF time, and output 
leakage 
is about 
0.2nA. 


Figure 16 shows 
a 2 of 64 MUX using 2 tier MUXing 
(simi- 
lar to Figure 
15). The IH5043 
is used for the second 
tier of 
MUXing. 
Each You! point will see 7 OFF channels 
and 1 ON 
channel 
at 
any1ime, 
so 
that 
the 
typical 
leakages 
will 
be 
about 
0.45nA. 
Throughput 
channel 
resistance 
will be in the 
9500 
area 
and 
throughput 
switching 
speeds 
about 
1.3/-'s 
for ON time and 0.8/-,s for OFF time. 


The 
IH5043 
was chosen 
as the second 
tier of the 
MUX 
because 
it will switch the same AC signals 
as the 5216 (typi- 
cally 
plus 
and 
minus 
15V) 
and 
uses 
break 
before 
make 
switching. 
Also power 
supply quiescent 
currents 
are typical- 
ly 1-2/-'A so that 
no excessive 
system 
power 
is generated. 


Note 
that 
the 
logic 
of the 5043 
is such 
that 
it can be tied 
directly 
to the ENable 
input (as shown 
in the figures) 
with no 
extra 
logic being 
required. 


Enable input strobing levels 


The ENable 
input acts as an enabling 
or disabling 
pin for 
the 5216 when 
used as a 2 out of 16 channel 
MUX, howev- 
er when expanding 
the MUX to more than 
16 channels, 
the 
EN pin acts 
as another 
address 
input. 
Figures 
14 and 
15 
show the EN pin used as the A3 input. TIL 
and the Enable 
input is CMOS 
compatible. 


APPLICATION 
NOTES 


Further 
information 
may be found 
in: 


A003 
"Understanding 
and Applying 
the Analog 
Switch" 


A006 
"A New CMOS Analog 
Gate Technology" 


A020 
"A Cookbook 
Approach 
to High Speed 
Data Acquisi- 
tion and Microprocessor 
Interfacing" 


R009 
"Reduce 
CMOS Multiplexer 
Troubles 
through 
Proper 
Device 
Selection" 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The IH6108 
is a CMOS 
one of 8 multiplexer. 
The part is a 
plug-in 
replacement 
for the DGS08A. 
Three 
line decoding 
is 
used so that the 8 channels 
can be controlled 
by 3 Address 
inputs; 
additionally 
a fourth 
input 
is provided 
for use as a 
system 
enable. 
When the ENable 
input is high (SV), a chan- 


nel is selected 
by the three 
Address 
inputs, 
and when 
low 
(OV) all channels 
are off. The 3 Address 
inputs are TIL 
and 
CMOS 
logic 
compatible, 
with 
a "1" 
corresponding 
to any 
voltage 
greater 
than 2.4V. 


Part 
Temperature 
Package 
Number 
Range 


IH6108MJE 
- SS·C to + 12S·C 
16 pin CERDIP 


IH6108CJE 
O·Cto 
70·C 
16 pin CERDIP 


IH6108CPE 
O·Cto 70·C 
16 pin plastic 
DIP 


~ 
~ 
~ 
~ 


~ 
~ 


3 LINE BINARY ADDRESS INPUTS 
(1 0 1) AND EN 05V 
ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON. 


IH6108 ~.. 
8-Channel 
CMOS 
II)~ 
Analog Multiplexer 


FEATURES 


• Ultra 
Low 
Leakage 
- 
10(olf);; 
100pA 
Typical 


• rOS(on)<400 
Ohms 
Over 
Full Signal 
and 
Temperature 
Range 


• Power 
Supply 
Quiescent 
Current 
Less 
Than 
100J.LA 
• ± 14V Analog 
Signal 
Range 


• No SCR Latchup 


• Break·Before-Make 
Switching 


• Binary 
Address 
Control 
(3 Address 
Inputs 
Control 
8 
Channels) 


• TIL 
and 
CMOS Compatible 
Strobe 
Control 


• Pin Compatible 
With 
DG508A, 
HI-508 
& ADG508A 


• Internal 
Diode 
In Series 
With 
V+ 
for 
Fault 
Protection 


A2 
Al 
Ao 
EN 
On Switch 


x 
x 
x 
0 
NONE 


0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
S 


1 
0 
1 
1 
6 


1 
1 
0 
1 
7 


1 
1 
1 
1 
8 


A". A,. A2 
Logic"1"=VAH~2.4V, VENH:2:4.5V 
Logic"O"=VAl~O.8V 
• 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
AATIClE 
OF THE 
capo,WITtON OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
305530-004 


VIN (A, EN) to Ground 
-15V 
to 15V 
VsorVotoV+ 
0, -36V 
VS or V0 to V - 
0, 36V 
V + to Ground 
...........•..•..•..•.............. 
18V 
V - 
to Ground 
....................•..•..•...... 
-18V 
Current 
(Any Terminal) 
30 mA 


Current 
(Analog 
Source 
or Drain) 
20 mA 
Operating 
Temperature 
C Suffix 
O'C to + 70'C 
M Suffix 
-55'C 
to + 125'C 
Storage 
Temperature. 
. . . . • . . • . . • . . . . . . . .. 
- 65 to 150'C 
C Suffix. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
- 65'C to + 125'C 
M Suffix 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 see) 
300'C 
Power 
Dissipation' 


CERDIP 
Package" 
900 mW 


Plastic Package'" 
470 mW 


, Device 
mounted 
with all leads sOldered or welded 
to PC 
board. 


Derate 
12 mWrC above 
75'C 


'" 
Derate 
6.3 mW rc above 
75'C 


NOTE: 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


V+ = 15V, v- = -15V, 
VEN= 
+ 5V (Note 
1), Ground=OV, 
unless 
otherwise 
specified. 


No 
Max limits 


Characteristic 
Measured 
Tests 
Typ 
Test Conditions 
MSuffix 
C Suffix 
Units 
Terminal 
Per 
25"C 


Temp 
-55"C 
25'C 
125"C 
O"C 25"C 
70"C 


SWITCH 


RDSlon) 
StoO 
8 
180 
VD~ + 10V,ls= 
-1.0mAISequence 
each switch on 
300 
300 
400 
350 
350 
450 
n 
8 
150 
VD~ 
-10V, 
Is~ 
-1.0mAIVAL 
=0.8V, 
VAH~2.4V 
300 
300 
400 
350 
350 
450 


~RDS(on) 
20 
RDSlon)= 
RDS(on)max-RDs(On)min, 
Vs~ 
± 10V 
% 


ROS(on)avg. 


8 
0.002 
Vs~10V, 
VD~ 
-10V 
±.5 
±50 
±1 
±50 


IS OFF 
S 
8 
0.002 
Vs~ 
-10V, 
VD~ 10V 
±.5 
±50 
±1 
±50 


1 
0.03 
VD~ 10V, Vs~ 
-10V 
VEN=0.8V 
±2 
±100 
±5 
±100 
nA 


ID(OFF) 
0 
1 
0.03 
VD~ 
-10V, 
VS~10V 
±2 
± 100 
±5 
±100 


8 
0.1 
VSIALLl=VD~ 
10V 
Sequence 
each switch 
on 
±2 
±100 
±5 
±100 


IDION) 
0 
8 
0.1 
VSIALLI~VD~ 
-10V 
VAL ~0.8V, 
VAH~2.4V 
±2 
+100 
±5 
±100 


INPUT 


IANION) or IAlon) 
~,A, 
orA2 
3 
0.01 
VA~OV 
-10 
-30 
-10 
-30 


IANIOFF) IAlotO 
Inputs 
3 
0.01 
VA~14V 
10 
30 
10 
30 
/LA 
IA 
Ao, A" 
A2 
3 
0.01 
VEN~5V 
All VA ~ OV (Address 
pins) 
-10 
-30 
-10 
-30 


EN 
1 
0.01 
VEN~OV 
-10 
-30 
-10 
-30 


DYNAMIC 


ttransition 
0 
0.3 
See Fig. 3 
1 


'open 
0 
0.2 
See Fig. 4 


IonlENl 
0 
0.6 
See Fig. 5 
1.5 
/Ls 


toHIENl 
0 
0.4 
1 


"OFF" 
Isolation 
0 
60 
VEN ~ OV, RL ~ 200n, 
CL ~ 3pF, Vs ~ 3VRMS, 
dB 
f=500kHz 


CSloffl 
S 
5 
VS~OV 


Cd(otO 
0 
25 
VD~OV 
VEN=OV, 
f= 140kHz 10 
pF 


1MHz 


CDSlotO 
OloS 
1 
Vs~OV, 
VD~OV 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


V+ = 15V, V- 
= -15V, 
VEN= + 5V (Note 1), Ground=OV, 
unless otherwise 
specified. 


No 
Max limits 


Characteristic 
Measured 
Tests 
Typ 
Test Conditions 
M Suffix 
C Suffix 
Units 
Terminal 
Per 
25°C 


Temp 
-55°C 
25°C 
125°C 
O"C 
25°C 
70°C 


SUPPLY 


Supply 
+ 
V+ 
1 
40 
200 
1000 


Current 
- 
V- 
1 
2 
VEN~5V 
100 
1000 


Standby 
+ 
V+ 
1 
1 
All VA~OVor 
5V 
100 
1000 
poA 


Current 
- 
V- 
1 
1 
VEN=OV 
100 
1000 


PROBE 
IMPEDANCE 


Rp ;'1MO 


Cp " 
30pF 


VA 
3V 
t,. < 100nt 
tt < lOOn. 
O.IV 
50% 


Your 
VSl = +10V 
Ysa = -10Y 


Your 
YSl = -10Y 


Yss = +10Y 
• 
~A<100n'J 
tt < 100na 
a.IY 
\ 


VEN 
VSl 
tr < lOOn • 


• t < lOOn. 


Your 


35pF 


IH6108 APPLICATION 
INFORMATION 
ENable Input Strobing Levels 


The 
ENable 
input 
on the 
IH610B 
requires 
a minimum 
of 


+ 4.5V to trigger 
to the "1" 
state and a maximum 
of + O.BV 
to trigger 
to the "0" 
state. If the ENable 
input is being driven 
from 
TTL 
logic, 
a pull-up 
resistor 
of 1k to 3kD. is required 
from the gate output 
to + 5V supply. 
(See Figure 6) 


The supply voltage 
of the CD4009 
affects 
the switching 
speed of the IH6108; the same is true for TIL 
supply volt- 
age levels. The following 
chart 
shows 
the effect, 
on ttrans 
for a supply varying from 
+ 4.5V to + 5.5V. 


CMOS or TTL 
Typical ttrans 
Supply 
Voltage 
@ 25"C 


+4.5V 
400ns 


+4.75V 
300ns 


+ 5.00V 
250ns 


+ 5.25V 
200ns 


+ 5.50V 
175ns 


The throughput 
rate can therefore 
be maximized 
by using 
a + 5V to + 5.5V supply for the ENable Strobe Logic. 


The examples 
shown in Figures 6 and 7 deal with ENable 
strobing 
when 
expansion 
to more than 
eight 
channels 
is 
required. 
In these 
cases 
the EN terminal 
acts as a fourth 
address 
input. 
If eight 
channels 
or less 
are being 
multi- 
plexed, the EN terminal 
can be directly connected 
to + 5V 
logic supply to enable the IH6108 at all times. 
Using the IH6108 with supplies other' 
than ± 15V 


The 
IH6108 
can 
be used 
with 
power 
supplies 
ranging 
from ±6V to ±16V. The switch rOS(on)will increase 
as the 


supply 
voltages 
decrease,- however, 
the 
multiplexer 
error 
term (the product 
of leakage times rDS(on) will remain ap- 
proximately 
constant 
since leakage 
decreases 
as the sup- 
ply voltages 
are reduced. 


Caution 
must be taken 
to ensure 
that the enable 
(EN) 
voltage 
is at least 0.7V below V+ 
at all times. If this is not 
8 


done, 
the 
Address 
input 
strobing 
levels 
will 
not 
function 
properly. 
This may be achieved 
quite simply by connecting 
EN (pin 2) to V + (pin 13) via a silicon 
diode as shown 
in 
Figure 8. When 
using this type of configuration, 
a further 
requirement 
must be met: the strobe 
levels of AO and A 1 
must be within 2.5V of the EN voltage 
in order to define a 
binary 
"1" 
state. 
For the case 
shown 
in Figure 8 the EN 
voltage 
is 11.3V whicl1 means that logic high at AO and A 1 
is= + 8.8V (logic low continues 
to be = 0.8V). In this config- 


uration 
the 
IH6108 
cannot 
be 
driven 
by TIL 
(+5V) 
or 
CMOS (+ 5V) logic. It can be driven by TIL 
open collector 
logic or CMOS logic with + 12V supplies. 


If the logic and the IH6108 
have common 
supplies, 
the 
EN pin should again be connected 
to the supply through 
a 
silicon diode. 
In this case, tying EN to the logic supply di- 
rectly will not work since it violates the 0.7V differential 
volt- 
age required 
between 
V+ 
and EN, (See Figure 9). A 11-'F 
capacitor 
can 
be 
placed 
across 
the 
diode 
to 
minimize 
switching 
glitches. 


I 
I 
I 
•• 
I 
L.._~!""_'" 


"", 


EN 2 


Peak-to-Peak Signal Handling Capability 


The IH6108 
can handle 
input signals 
up to ± 14V (actual- 


ly -15V 
to + 14.3V because 
of the input protection 
diode) 
when 
using 
± 15V supplies. 


The 
electrical 
specifications 
of the 
IH6108 
are guaran· 
teed for ± 10V signals. 
but the specifications 
have very mi· 
nor changes 
for 
± 14V signals. 
The 
notable 
changes 
are 
slightly 
lower 
rDS(on) and slightly 
higher 
leakages. 


IH6108 APPLICATIONS 
INFORMATION 


+15V 
-15V 


EN 


IH6108 


Ao 


Al 
58 
51 
A2 
+15V 
-15V 


Your 
A3 


IH6108 
- 


EN 


5,6 
59 


0297-13 


NOTE: TIL 
inverter 
must have pull up resistor to + 5V to drive EN 
input. 


A3 
A2 
A1 
Ao 
On Switch 


0 
0 
0 
0 
51 


0 
0 
0 
1 
52 


0 
0 
1 
0 
53 
0 
0 
1 
1 
54 


0 
1 
0 
0 
55 


0 
1 
0 
1 
56 


0 
1 
1 
0 
57 


0 
1 
1 
1 
58 


1 
0 
0 
0 
59 


1 
0 
0 
1 
510 


1 
0 
1 
0 
511 


1 
0 
1 
1 
512 
1 
1 
0 
0 
513 


1 
1 
0 
1 
514 


1 
1 
1 
0 
515 
1 
1 
1 
1 
516 


Figure 10: 1 of 16 Channel Multiplexer Using Two IH610S's. Overvoltage 
Protection Is 
Maintained Between All Channels, As Is Break-Before-Make 
Switching. 


• 


CDo.. 
CO! 
IH6108 APPLICATIONS 
INFORMATION 


--t>o'- 


ill/ewos 
INVERTrR 
:f>- 


ill/ewos 
NORGATE 


A3 


A. 


A4 
A3 
A2 
A1 
Ao 
On Switch 


0 
0 
0 
0 
0 
81 
0 
0 
0 
0 
1 
82 
0 
0 
0 
1 
0 
83 
0 
0 
0 
1 
1 
84 
0 
0 
1 
0 
0 
85 
0 
0 
1 
0 
1 
86 
0 
0 
1 
1 
0 
87 
0 
0 
1 
1 
1 
88 
0 
1 
0 
0 
0 
89 
0 
1 
0 
0 
1 
810 
0 
1 
0 
1 
0 
811 
0 
1 
0 
1 
1 
812 
0 
1 
1 
0 
0 
813 
0 
1 
1 
0 
1 
814 
0 
1 
1 
1 
0 
815 
0 
1 
1 
1 
1 
816 


A4 
A3 
A2 
A1 
Ao 
On Switch 


1 
0 
0 
0 
0 
817 
1 
0 
0 
0 
1 
818 
1 
0 
0 
1 
0 
819 
1 
0 
0 
1 
1 
820 
1 
0 
1 
0 
0 
821 


1 
0 
1 
0 
1 
822 
1 
0 
1 
1 
0 
823 
1 
0 
1 
1 
1 
824 
1 
1 
0 
0 
0 
825 
1 
1 
0 
0 
1 
826 
1 
1 
0 
1 
0 
827 
1 
1 
0 
1 
1 
828 
1 
1 
1 
0 
0 
829 
1 
1 
1 
0 
1 
830 
1 
1 
1 
1 
0 
831 
1 
1 
1 
1 
1 
832 


1) "0' or "0' 


2) A,' or A,' 


3) Ai or Ai 


v- 
ADDRESS 
DECODER 


• 


GENERAL 
DESCRIPTION 


The 
IH6208 
is a 2 of 8 CMOS 
mUltiplexer. 
The part is a 
plug-in replacement 
for the DGS09A. Two line binary decod- 
ing is used so that the 8 channels 
can be controlled 
in pairs 
by the binary 
inputs; 
additionally 
a third input is provided 
to 
use as a system 
enable. 
When the ENable 
input is high (SV) 
the channels 
are sequenced 
by the 2 line binary inputs, 
and 
when 
low (OV) all channels. 
are off. The 
2 Address 
inputs 
are controlled 
by TTL logic or CMOS 
logic elements 
with a 
"0" 
corresponding 
to any voltage 
less than 0.8V and a "1" 
corresponding 
to any voltage 
greater 
than 
2.4V. 
Note 
that 
the ENable 
input must be taken to SV to enable 
the system, 
and less than 0.8V to disable 
the system. 


Part Number 
Temperature 
Range 
Package 


IH6208MJE 
- SS'C to + 12S'C 
16 pin CERDIP 


IH620BCJE 
O'Cto 
70'C 
16 pin CERDIP 


IH620BCPE 
O'Cto 
70'C 
16 pin Plastic DIP 


S'a0----0--+0---, 


S2a~o---. 


S3a ~o-- 
....• 


S-4a~o--- 


SIbO---()---i~--'" 


S2b ~o-- 
....• 


S3b ~o-- 
....• 


S4b~o--"'" 


2 LINE BINARY ADDRESS INPUTS 


(00) AND EN ~ 5V (EN ~ 
'"1"" FOR + 5V. "0" FOR OV) 


ABOVE EXAMPLE SHOWS CHANNELS 
1a AND 1b ON 
Figure 
1: Functional 
Diagram 


4-\lnannel 
UITTen::lIl1clI 
••• 
:5 
CMOS Analog Multiplexer 


FEATURES 


• Ultra 
Low 
Leakage 
- 
lo(off)';:; 100pA 
Typical 


• rOS(on)<400 
Ohms 
Over 
Full Signal 
and 
Temperature 
Range 


• Power 
Supply 
Quiescent 
Current 
Less 
Than 
100p.A 
• ± 14V Analog 
Signal 
Range 


• No SCR Latchup 


• Break-Before-Make 
Switching 


• Binary 
Address 
Control 
(2 Address 
Inputs 
Control 
2 
Out of 8 Channels) 


• TTL and 
CMOS 
Compatible 
Address 
Control 


• Pin Compatible 
With 
HI509, 
DG509A 
& ADG509A 


• Internal 
Diode 
In Series 
With 
V+ 
For Fault 
Protection 


On 


A1 
Ao 
EN 
Switch 


Pair 


X 
X 
0 
NONE 


0 
0 
1 
la,lb 


0 
1 
1 
2a,2b 


1 
0 
1 
3a,3b 


1 
1 
1 
4a,4b 


"0. A, 
LOGIC ·'1'·~VAH;'2.4V 
VENH;,4.5V 
LOGIC "0"~VAL';0.8V 
• 


Al 


GND 


V+ 


SIb 


S2b 


11 S3b 


S4b 


9 
Db 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE AND SHAll 
BE IN LIEU OF All 
OTHER WARRANTIES, 
EXPRESS. IMPLIED OR STATUTORY, 
INCLUDING THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


i ABSOLUTE 
MAXIMUM 
RATINGS 


VIN (A, EN) to Ground 
-15V, 
15V 
Vs or Vo to V+ 
0, -36V 
Vs or Vo to V- 
_..•..•..•................ 
0, 36V 
V+ to Ground 
.............•.....•.••..•.......... 
18V 


V - to Ground 
...................•.....•........ 
- leV 
Current(Any 
Terminal) 
.................•........ 
30mA 
Current (Analog Source or Drain) 
20mA 
Operating 
Temperature 
C Suffix 
......................•........ 
erc to + 70'C 
M Suffix 
- 55'C to + 125'C 


Storage Temperature 
C Suffix 
- 65'C to + 125'C 
M Suffix 
- 65'C to + 150'C 
Lead Temperature 
(Soldering, 
10 see) 
300·C 


Power Dissipation' 
CERDIP Package" 
900 mW 
Plastic Package'" 
.470 mW 


-Device 
mounted with all leads soldered or welded to PC board. 


··Oerate 
12 mwrc above 75°C 


···Derate 
6.3 mwrc above 75°C 


NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent 
damage to the devk:8. These are stress ratings only and functional 
opera/ion 
of the device at these or any other conditions 
above those indicated;n 
the operational 
sections of the specifications 
is not implied. Exposure /0 absolute 
maximum raling conditions 
for extended periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


v+ 
= 15V, v- 
= -15V, 
VEN= +5V 
(Note 1), Ground=OV, 
unless otherwise 
specified. 


No 
Max Limits 


Characteristic 
Measured Tests 
Typ 
Test Conditions 
M Suffix 
T 
C Suffix 
Units 
Terminal 
Per 
2S'C 
Temp 
-SS'C 
2S'C 12S'C O"C 2S'C 70"C 


~WITCH 


ROS(ON) 
StoD 
8 
180 Vo= + 10V, Is= -1.0mAISequence 
each switch on 
300 
300 
400 
350 350 
450 
fl. 


8 
150 Vo= -10V, 
Is= -1.0mAIVAL ~0.8V, VAH~204V 
300 
300 
400 
350 350 
450 


toROS(ON) 
20 
toR 
= ROS(on)max-ROS(on)minV ~ + 10V 
% 
OS(on) 
ROS(on)avg. 
,S- 


8 
0.002 Vs= 10V, Vo= -10V 
±.5 
±50 
±1 
±50 


IStOFFl 
S 
8 
0.002 Vs= -10V, 
Vo=10V 
±.5 
±50 
±1 
±50 


2 
0.03 Vo= 10V, Vs= -10V 
VEN=0.8V 
±2 
±50 
+5 
+100 
nA 


10(OFFl 
0 
2 
0.03 Vo= -10V, 
Vs=10V 
±2 
±50 
±5 
±100 


8 
0.1 
VStALU=VO= 10V 
Sequence each switch on 
±2 
±50 
±5 
±100 


lorONl 
D 
8 
0.1 
VS(ALL1=-10V 
VAL= O.BV,VAH= 204V 
±2 
±50 
±5 
±100 


INPUT 


IA(on) 
AO,A1 
2 
0.01 VA=OV 
-10 
-30 
-10 
-30 


IAlofll 
2 
0.01 VA=14V 
10 
30 
10 
30 
/LA 
IA 
Ao,A1 
2 
0.01 VEN=5V 
All VA=OV 
-10 
-30 
-10 
-30 


EN 
1 
0.01 VEN=OV 
(Address Pins) 
-10 
-30 
-10 
-30 


DYNAMIC 


transiUon 
0 
0.3 
See Fig. 3 
1 


'oDen 
0 
0.2 
See Fig. 4 


EN(onl 
D 
0.6 
See Fig. 5 
1.5 
/Ls 


EN(ofll 
D 
004 
1 


"OFF" Isolation 
D 
60 
VEN= OV,RL= 200fl., CL= 3pF, Vs = 3VRMS, 
dB 
f~500kHz 


Cs(offl 
S 
5 
Vs~OV 
VEN=OV, f~ 140kHz to 


Cdtoffl 
0 
12 
Vo=OV 
lMHz 
pF 


Cds(off) 
DtoS 
1 
Vs=OV, Vo=OV 


SUPPLY 


Supply 
+ 
V+ 
1 
40 
200 
1000 


k;urrent 
- 
V- 
1 
2 
VEN=5V 
100 
1000 


~tandby 
+ 
V+ 
1 
1 
All VA=OVor5V 
100 
1000 
/LA 


k;urrent 
- 
V- 
1 
1 
VEN=OV 
100 
1000 


0300-3 


Figure 3: ttrans·SwUching Test Circuit and Waveforms 


PROBE 
IMPEDANCE 
Rp 2: 1MB 


Cp s: JOpF 
0300-4 


VA 
i 
+3.0V 
, 
~ 
i<La;; 
~ 
.•• 
• 
~ir:::~~:~._.-kt~. 
vsf-+1L 
-t-tL 


0300-5 


Figure 4: topen (Break-Before-Make) 
Switching Test Circuit and Waveforms 


+5Y 
~------~------~ 


tEN(on) 


SWITCH 
OUTPUT 
Your 
(SEE FIG. 3) 


O.IYe 


Ye 
~Y 


0300-7 


Figure 5: Enable ton and toff Switching Test Circuit and Waveforms 
• 


CDo 
(II 
••!: IH6208 APPLICATION 
INFORMATION 
ENable Input Strobing Levels 


The 
ENable 
input 
on the 
IH6208 
requires 
a minimum 
of 


+4.5V 
to trigger 
it into 
the 
"1" 
state 
and 
a maximum 
of 


+ 0.8V to trigger 
it into the "0" 
state. 
If the ENable 
input is 
being driven 
from 
TIL 
logic. a pull-up 
resistor 
of 1k to 3kfi 


is required 
from the gate output 
to + 5V supply. 
(See Figure 
6). 


Figure 6: ENable Input Strobing From TTL Logic 


When 
the EN input is driven 
from CMOS 
logic, no pullup 
is necessary. 
(See Fig. 7) 


The supply 
voltage 
of the CD4009 
affects 
the switching 
speed 
of the IH6208; 
the same 
is true for TIL 
supply 
volt- 
age levels. 
The chart 
below 
shows 
the effect 
on tlrans for a 
supply 
varying 
from 
+ 4.5V to + 5.5V. 


CMOS OR 
TYPICAL 
llrans 
TTL SUPPLY 
@ 25°C 


+4.5V 
400ns 


+4.75V 
300ns 


+5.0V 
250ns 


+ 5.25V 
200ns 


+ 5.50V 
175ns 


The throughput 
rate can therefore 
be maximized 
by using 
a + 5V to + 5.5V supply 
for the ENable 
Strobe 
Logic. 


The examples 
shown 
in Figures 
6 and 7 deal with ENable 
strobing 
when 
expansion 
to 
more 
than 
four 
differential 
channels 
is required; 
in these cases the EN terminal 
acts as 
a third address 
input. If four channel 
pairs or less are being 
multiplexed, 
the 
EN terminal 
can be directly 
connected 
to 


+ 5V to enable 
the IH6208 
at all times. 
Using the IH6208 with supplies other 
than ± 15V 


The 
IH6208 
can 
be 
used 
with 
power 
supplies 
ranging 
from 
± 6V to ± 16V. The switch 
rOS(on) will increase 
as the 


.~ 
••",.a '_n ( 


A CHANNELS 
COMMON DRAIN OUTPUT = D, 
1 


supply 
voltages 
decrease, 
however, 
me 
multiplexer 
error 
term 
(the product 
of leakage 
times 
rOS(on») will remain 
ap- 
proximately 
constant 
since 
leakage 
decreases 
as the sup- 
ply voltages 
are reduced. 


Caution 
must 
be taken 
to ensure 
that 
the 
enable 
(EN) 
voltage 
is at least 0.7V below 
V+ 
at all times. 
If this is not 
done 
the 
Address 
Input 
strobing 
levels 
will 
not 
function 
properly. 
This may be achieved 
quite simply 
by connecting 
EN (pin 2) to V+ 
(pin 
14) via a silicon 
diode 
as shown 
in 
Figure 8. A further 
requirement 
must be met when using this 
type of configuration; 
the strobe 
levels 
at AO and A 1 must 


be within 
2.5V of the EN voltage 
in order to define 
a binary 


"1" 
state. 
For the case shown 
in Figure 8 the EN voltage 
is 


11.3V, which 
means that logic high at AO and A 1 is ~ + 8.8V 
(logic 
low continues 
to be=0.8V). 
In this configuration 
the 


IH6208 
cannot 
be driven 
by TIL 
(+ 5V) or CMOS 
(+ 5V) 
logic. It can be driven 
by TTL open collector 
logic or CMOS 
logic with 
+ 12V supplies. 


If the 
logic 
and the 
IH6208 
have 
common 
supplies, 
the 


EN pin should 
again be connected 
to the supply 
through 
a 
silicon 
diode. 
In this case, 
tying 
EN to the 
logic 
supply 
di- 
rectly will not work since it violates 
the 0.7V differential 
volt- 


age required 
between 
V+ 
and 
EN (See 
Figure 
9). A 1J.LF 
capacitor 
can 
be 
placed 
across 
the 
diode 
to 
minimize 


switching 
glitches. 


).,.~...~~. 
,..~. 


9 
D2 = 8 CHANNEL DRAIN OUTPUT 
(COMMON) 
• 


Figure 9: IH6208 Connection Diagram With ENable Input Strobing 
for Less Than ± 15V Supply Operation 


Peak-ta-Peak Signal Handling Capability 


The IH6208 
can handle 
input signals 
up to ± 14V (actual- 
ly -15V 
to + 14.3V because 
of the input protection 
diode) 
when 
using ± 15V supplies. 


The 
electrical 
specifications 
of the 
IH6208 
are 
guaran- 
teed for ± 10V signals, 
but the specifications 
have very mi- 
nor changes 
for 
± 14V signals. 
The 
notable 
changes 
are 
slightly 
lower 
rDS(on) and slightly 
higher 
leakages. 


• 
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CA3161 
CA3168 
ICM7211 
ICM7212 
ICM7218 
ICM7228 
ICM7231 
ICM7232 
ICM7243 


BCD to Seven Segment DecoderlDriver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-2 
2-Digit BCD to Seven Segment Decoder/Driver. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
9-6 
4-Digit LCD/LED Display Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-10 
4-Digit LCD/LED Display Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-10 
8-Digit LED Multiplexed Display Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-22 
8-Digit LED Multiplexed Display Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9-33 
Numeric/Alphanumeric Triplexed LCD Display Driver. . . . . . . . . . . . . . . . . . . . . 
9-54 
Numeric/Alphanumeric Triplexed LCD Display Driver . . . . . . . . . . . . . . . . . . . . . 
9-54 
8-Character lAP-CompatibleLED Display Driver. . . . . . . . . . . . . . . . . . . . . . . . . . 
9-70 
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Interface Circuits 
ueCOaer/DrlVer 


Features: 


• 
TTL-compatible 
input 
logic 
leve/~ 
• 
25-mA 
[typ.] 
ronstant-curtent 
segment 
outputs 


• 
Eliminates 
need 
for output 
current- 
limiting 
resistors 
• 
Pin compatible 
with 
other 
industry 


standard 
decoders 
• 
Low standby 
power 
dissipation 
- 


18 mW (typ.) 


The RCA-CA3161 
E is a monolithic 
intergrated 
circuit 
that 
performs 
the 
BCD-to-seven-segment 
decoding 
function 
and features 
constant-current 
segment 
drivers. When used 
with the CA3162E 
AID Converter· 
the CA3161 E provides 
a 
complete 
digital 
readout 
system with a minimum 
number of 
external 
parts. 


The CA3161 
is supplied 
in the 16-lead 
dual-in-Iine 
plastic 
package 
(E suffix). 
The 
CA3161 
is also available 
in chip 
form 
(H suffix). 


·The 
CA3162E 
is described 
in RCA data bulletin 
File No. 


1080. 


BCO{2 


ID·- 
INPUTS 
22 
f 
Ne 
3 
• 


"' 
· 
. JSEGMENT 
Ne 
s 
, 
DRIVER 


{ 


:5 
OUTPUTS 
BCD 
2 
6 
e 
IflllPUTS 
20 
d 


GNO 
8 
9 
• 


TOP 
VIEW 


MAXIMUM RATINGS. Absolute-Maximum 
Values: 


DC SUPPLY VOLTAGE (between terminals 1 and 10) .........•.........•..•......•.........................•............. 
-7 V 


INPUT VOLTAGE (terminals 1. 2. 6. 7) ........................•......................•.........•.......•.......•..•..•..•... 
+5.5 V 


OUTPUT VOLTAGE: 


Output "Off" 
...................•..•..•..•.........•..•..•..•......•..•......................•...............•..•..•.... 
+7 V 


Output "On" (See note 1) .. .•.. 
. .. . .... 
. 
.. ............•............•.........•....•....•.........•...........••.• 
+10 V 


DEVICE DISSIPATION: 


Up to T. = +55° C .............................•............•............•................•............................... 
1 W 


Above TA = +55° C .. . . . .. . . . . . .. . . .. . . . 
. ............•....•..•.........•............. 
derate linearly at 10.5 mW/oC 


AMBIENT TEMPERATURE RANGE: 


Operating ...........................•.........•..•..•......•............•..•..•......•............•............... 
0 to +75° C 


Storage .......................................•..•..••........•............•..•......•......•.....•..•......... 
~ 
to + 150°C 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max 
+265°C 


BINARY 
INPUTS 
OUTPUTS 
DISPLAY 
STATE 
23 
22 
21 
20 
a 
b 
c 
d 
e 
f 
9 


0 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
0 


1 
L 
L 
L 
H 
H 
L 
L 
H 
H 
H 
H 
I 


2 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 
2 


3 
L 
L 
H 
H 
L 
L 
L 
L 
H 
H 
L 
3 


4 
L 
H 
L 
L 
H 
L 
L 
H 
H 
L 
L 
Y 


5 
L 
H 
L 
H 
L 
H 
L 
L 
H 
L 
L 
5 


6 
L 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
5 


7 
L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 1 


8 
H 
L 
L 
L 
L 
L 
L 
L 
I 
L 
L 
B 


9 
H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
9 


10 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
-- 


11 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
L 
E 


12 
H 
H 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 


13 
H 
H 
L 
H 
H 
H 
H 
L 
L 
L 
H 
L 


14 
H 
H 
H 
L 
L 
L 
H 
H 
L 
L 
L 
P 


15 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
BLANK 
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BCD 
22 
INPUTS 
21 


ZO 


CONSTANT 
CURRENT 
SEG MENT 
DRIVERS 
~ tSEGMENT 
DRIVER 
• 
OUTPUTS 
I 
• 


~SEGMENTq .-, 


SEGMENT 
DRIVER 


. 
'Lib 
0/_;' 
• 
SEGMENT 
IO£NTI(IC 
.•.TIO" 


CHARACTERISTIC 
LIMITS 
UNITS 
Min. 
Typ. 
Max. 


Supply 
Voltage Operating 
Range, V+ 
4.5 
5 
5.5 
V 


Supply Current, 
1+ (all inputs high) 
- 
3.5 
8 
mA 


Output 
Current 
Low (Va = 2 V) 
18 
25 
32 
mA 


Output 
Current 
High (Va = 5.5 V) 
- 
- 
250 
p.A 


Input 
Voltage 
High (logic "1" 
level) 
2 
- 
- 
V 


Input 
Voltage 
Low (logic "0" 
level) 
- 
- 
0.8 
V 


Input 
Current 
High (logic "1 ") 
2V 
-30 
- 
- 
p.A 


Input 
Current 
Low (logic "0") 
OV 
-40 
- 
-. 
p.A 


tpHL 
- 
2.6 
- 
Propagation 
Delay Time 
P.S 


tpLH 
- 
1.4 
- 


The photographs 
and dimensions 
represent 
a chip when it is part of the wafer. When tfle 


wafer ~ cut 
into 
chip~, t~e cleavage angles 
are 57 
instead of 90 
with 
respect to the 
face of 
the 
chip. 
Therefore, 
the 
isolated 


chip 
is actually 
7 mils 
(0.17 
mm) 
larger 


in both dimensions. 


D,mens,ons In parentheses are In millimeters 
and 


are denved 
from 
the baSICInch dImensions as in- 
dIcated. 
Gnd graduations 
are in mils (10-3 inch). 


Part Number 
Temperature 
Range 
Package 


CA3161E 
DOC to + lDoC 
16-Pin Plastic Dip 
• 


HARRIS 
SEMICONDUCTOR 


2-Digit BCD-to-7 -Segment 
Decoder/Driver 


Feature. 
• 
Separate 
BCD inputs 
and segment 
outputs 
for each digit 
• 
Input 
loading 
less than 15pA 
• 
12L logic 
with buffered 
inputs 
and outputs 
• 
Internal 
input 
overrange 
protection 
circuit 
• 
5-V supply 
operation 
• 
Internal 
biasing 
circuits 
• 
Output 
drive capability 
of 25 mA per segment 
• 
Open collector 
outputs 
drive indicators 
directly 


Part Number 
Temperature Range 
Package 


CA3168 
DOC to + 7DoC 
24-Pin Plastic Dip 


The 
RCA-CA3168E-is 
a monolithic 
integrated 
circuit 


intended 
tor 2-digit 
display 
such as "numbers" 
tor TV and 


"CS" 
channel 
selection, 
and 
other 
0-99 
numerical 
or 
counting 
for consumer 
or industrial 
indicator 
applications. 


It 
consists 
of 
two 
independent 
SCD-to-7-segment 
decoder/drivers. 
Two sets of SCD inputs 
are buffered 
with 


p-n-p 
differential 
amplifier 
stages internally 
referenced 
to 
1.7 V. Each of the eight 
input terminals 
draws 
less than 15 
pA and is provided 
with'an 
internal 
protection 
circuit. 


Decoding 
is accomplished 
with 
12L ROM's. 
The fourteen 
output 
terminals 
are buffered 
with Darlington 
pairs driving 
common-emitter 
output 
transistors. 
Each output 
is capable 
of 
sinking 
25 
mA 
for 
an 
LED 
common-anode 
display 
device. 
The supply-voltage 
range 
(VCCl 
is intended 
to be 
4.5 V to 6 V. The output 
voltage 
(VOl must not exceed 
12 V, 


which 
provides 
for a wide range of common-anode 
voltage 
sources. 


The CA3168E 
is supplied 
in the 24-lead dual-in-line 
plastic 
package. 


-Formerly 
RCA Dev. Type 
No. TA10337 


CA3168E 


TERMINAL 
ASSIGNMENT 


SUPPLY-VOLTAGE, VCC 
.....................•................•......•......•................... 
6 V 
INPUT-VOLTAGE (MIN./MAX.) 
. 
-0.3IVCC V 
INPUT CURRENT (PROTECTION CIRCUIT) 
. 
±10 mA 
OUTPUT VOLTAGE, Vo 
........•.............................. 
12 V 
OUTPUT SEGMENT CURRENT, 'D'SPLAY.................... 
.....•........... 
. 
25 mA 
AMBIENT TEMPERATURE RAIIIGE: 


Operating 
, 
" 
. 
Storage 
, 
, 
, 
, 
. 


POWER DISSIPATION: 


Up to +70·C 
. 


Above +70·C 
. 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 
10 seconds max. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. .........•..........................•......•..•......•..... 
+265· C 


. .•......•..•...•........................ 
400 mW 
.derate linearly at 8.7 mWI" C 


CA3168 
;.. 
:Iu 
TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at VCC = 5 V. V1 = GND. 
VDISP. 
= 12 V. and TA = 25°C. See Fig. 2 
Unles!' Otherwise 
Specified 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. 
Typ. 
Max. 


Input 
Voltage 
High, VIH 
2.4 
5 
VCC 
V 


Input 
Voltage 
Low, VIL 
0 
- 
0.6 
V 


Input 
Current 
High, IIH 
All BCD Inputs = 5 V 
- 
- 
15 
p.A 


Input 
Current 
Low, 
IlL 
All BCD inputs 
= 0 V 
-10 
- 
- 
p.A 


On-State 
Output 
Voltage, 
VOL 
'O(Sink) 
= 25 mA 
- 
- 
1 
V 


Off-State 
Output 
Current, 
IOH 
- 
5 
50 
p.A 


Power Supply 
Drain Current, 
ICC 
VCC = 6 V 
- 
17 
25 
mA 


Input Capacitance, 
CI 
- 
5 
- 
pF 


INPUTS 
OUTPUTS 
DISPLAY 


DCBA 
a 
b 
c 
d 
e 
f 
g 
o 0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
o 0 
0 
I 
I 
0 
0 
I 
I 
I 
I 
I 
o 0 
I 
0 
0 
0 
I 
0 
0 
I 
0 
2 
o 0 
I 
I 
0 
0 
0 
0 
I 
I 
0 
:1 
o 
I 
0 
0 
I 
0 
0 
I 
I 
0 
0 
y 


010 
I 
0 
I 
0 
0 
I 
0 
0 
5 
o 
I 
I 
0 
0 
I 
0 
0 
0 
0 
0 
5 
o 
I 
I 
I 
0 
0 
0 
I 
I 
I 
I 
1 


I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 


I 
0 
0 
I 
0 
0 
0 
0 
I 
0 
0 
'3 


I 
0 
I 
0 
0 
I 
I 
0 
0 
0 
I 
[ 


I 
0 
I 
I 
0 
0 
0 
I 
0 
0 
0 
R 


I 
I 
0 
0 
0 
0 
I 
I 
0 
0 
0 
P 


I 
I 
0 
I 
0 
I 
I 
0 
0 
0 
0 
E 
I I I 0 
I I I I I I 
0 
- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
BLANK 


INPUTS 
OUTPUTS 
DISPLAY 


DCBA 
a 
b 
c 
d 
e 
f 
g 
o 0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 


0 
0 
0 
I 
I 
0 
0 
I 
I 
I 
I 
I 


0 
0 
I 
0 
0 
0 
I 
0 
0 
I 
0 
2 


0 
0 
I 
I 
0 
0 
0 
0 
I 
I 
0 
3 


0 
I 
0 
0 
I 
0 
0 
I 
I 
0 
0 
4 


0 
I 
0 
I 
0 
I 
0 
0 
I 
0 
0 
5 


0 
I 
I 
0 
0 
I 
0 
0 
0 
0 
0 
6 


0 
I 
I 
I 
0 
0 
0 
I 
I 
I 
I 
1 


I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
l 
0 
0 
I 
0 
0 
0 
0 
I 
0 
0 
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I 
0 
I 
0 
I 
0 
0 
I 
0 
0 
0 
H 


I 
0 
I 
I 
I 
0 
0 
0 
0 
I 
I 
J 


I 
I 
0 
0 
I 
I 
I 
0 
0 
0 
I 
L 


I 
I 
0 
I 
0 
I 
I 
I 
0 
0 
0 
F 
I I 
I 
0 
I I I 
I I I 0 
- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
BLANK 
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MSO 
ROM I 
ADDRESS 
DECODER 


MSO 
ROM 2 
ADDRESS 
DECODER 


OUTPUT 
BIAS 
CIRCUIT 
1/2-FOR 
MSO 
92 Chi' 
310 H 


Functional 
diagram for least significant 
digit 
IS identical 
to functional 
diagram used for MSD with 
the exception 
of Terminal 
Assignments 
(see Terminal 
Assignment 
dia- 


d 
gram). A separate LSD Bias circuit, 
and Y, of the Output 


DISPLI\Y 
SEGMENT 
IDENTIFICATION 
Bias Circuit 
is used for LSD. 


Fig. 1 - Functional diagram for Most Significant Digit (MSD). 


OUTPUT 
VO[PINS 6 -12 
(MSO), 


CA 3168 
E 
BuFFERS 
PINS 
14 - 
20/LSD)] 
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RLOAD 
10 
7 
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V01SPLAY 


Vec 
GNO 
(DISPLAY 
SUPPLY) 
92CS-31033 
NOTE: 
See truth 
table for test sequence of input/output 
logic tests and 
Minimum 
RLOAD 
= VDISPLAY 
- 
VOL 
for each of the 14 segment 


Max.IDISPLAY 
drive output 
terminals. 
(LED 
is not used in test circuit) 


Fig. 2 - Test circuit. 
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Fig. 3 - Schematic 
diagram 
o( CA3168E. 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICM7211 (LCD) and ICM7212 (LED) devices consti- 
tute a family of non-multiplexed four-digit seven-segment 
CMOS display decoder-drivers. 
The ICM7211 devices are configured to drive convention- 


al LCD displays by providing a complete RC oscillator. divid- 
er chain, backplane driver. and 28 segment outputs. 


The ICM7212 devices are configured to drive common- 
anode LED displays. providing 28 current-controlled. low 
leakage. open-drain n-channel outputs. These devices pro- 
vide a SRighTness input. which may be used at normal logic 
levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 
These devices are available with multiplexed or micro- 


processor input configurations. The multiplexed versions 
provide four data inputs and four Digit Select inputs. This 
configuration is suitable for interfacing with multiplexed SCD 
or binary output devices, such as the ICM7217, ICM7226 
and ICL713S.The microprocessor versions provide data' in- 
put latches and Digit Address latches under control of high- 
speed Chip Select inputs. These devices simplify the task of 
implementing a cost-effective alphanumeric seven-segment 
display for microprocessor systems. without requiring exten- 
sive ROM or CPU time for decoding and display updating. 


The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit bi- 
nary inputs into a seven-segment alphanumeric hexadeci- 
mal output. The "A" versions will provide the "Code S" out- 
put code, i.e., 0-9, dash. E. H. L. P. blank. Either device will 
correctly decode true SCD to seven-segment decimal out- 
puts. 
Devices in the ICM7211/7212 family are packaged in a 
standard 40 pin plastic dual-in-line and 44 pin plastic sur- 
face mount packages and all inputs are fully protected 
against static discharge. 


ICM7211/12 
4-Digit 
LCD/LED 
Display Driver 


ICM7211 (LCD) FEATURES 
• Four Digit Non-Multiplexed 
7 Segment LCD Display 
Outputs With Backplane Driver 
• Complete Onboard RC Oscillator to Generate 
Backplane Frequency 
• Backplane Input/Output 
Allows Simple 
Synchronization 
of Slave· Devices to a Master 
• ICM7211 Devices Provide Separate Digit Select 
Inputs to Accept Multiplexed BCD Input (Pinout and 
Functionally Compatible 
With SlIIconlx DF411) 
• ICM7211M Devices Provide Data and Digit Address 
Latches Controlled 
by Chip Select Inputs to Provide 
a Direct High Speed Processor Interface 
• ICM7211 Decodes Binary to Hexadecimal; ICM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, P, 
Blank) 
. 


• ICM7211A Available In Surface Mount Package 


ICM7212AM 
(LED) FEATURES 
• 28 Current·Llmlted 
Segment Outputs Provide 4-Dlglt 
Non-Multiplexed 
Direct LED Drive at> SmA Per 
Segment 
• Brightness Input Allows Direct Control of LED 
Segment Current With a Single Potentiometer 
or 
Digitally as a Display Enable 
• ICM7212AM Device Provides Same Input 
Configuration 
and Output Decoding Options as the 
ICM7211AM 


Part Number 
Temperature 
Package 
Display 
Display 
Input 
Display Drive 
Range 
Type 
Decoding 
Interfacing 
Type 


ICM72111PL 
- 40·C to + 8S·C 
40-Pin Plastic DIP 
LCD 
Hexadecimal 
Multiplexed 
Direct Drive 


ICM7211MIPL 
- 40·C to + 8S·C 
40-Pin Plastic DIP 
LCD 
Hexadecimal 
Microprocessor 
Direct Drive 


ICM7211AIPL 
-40·C to +8S·C 
40-Pin Plastic DIP 
LCD 
Code S 
Multiplexed 
Direct Drive 


ICM7211AMIPL 
-40·Cto 
+ BS·C 
40-Pin Plastic DIP 
LCD 
CodeS 
Microprocessor 
Direct Drive 


ICM7211AIM44 
-40·Cto 
+8S·C 
44-Pin P. Flatpack 
LCD 
CodeS 
Multiplexed 
Direct Drive 


ICM7211AMIM44 
-40·C to +8S·C 
44-Pin P. Flatpack 
LCD 
Code S 
Microprocessor 
Direct Drive 


ICM7212AMIPL 
- 40·C to + 8S·C 
40-Pin Plastic DIP 
LED 
Code S 
Microprocessor 
Common Anode 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIeD 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTJa.JL.AR USE. 


OSCILlATOR.- 
FAEE· 
RUNNINQ 


OSCILlATOR,_ 


FREE· 
RUNNINQ 
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Voo 
Voo 
dl 
Voo 
d1 
:I 


.1 
.1 
cl 
.1 
cl 
5:! 


gl 
gl 
b1 
gl 
bl 


fl 
fl 
al 
11 
al 


BP 
BP 
O5C 
BRT 
VSS 


a2 
a2 
VSS 
a2 
VSS 
b2 
b2 
Chip 5.I.ct 
2 
b2 
Chip 5.I.ct 
2 


c2 
c2 
Chip 5.I.ct 
1 
c2 
Chip 5.I.ct 
1 


d2 
d2 
OlgnAddressBft2 
d2 
0l9Uddress 
Bft2 


.2 
.2 
0l9nAddressBn 
1 
.2 
0l9ft Address Bft 1 


92 
92 
~j 


92 
~j 
12 
12 
B2 
Data 
12 
B2 
Data 


a3 
a3 
Bl 
Inputs 
a3 
Bl 
Inputs 
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b3 
BO 
b3 
BO 


c3 
c3 
14 
c3 
14 
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g4 
d3 
94 
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.3 
.4 
.3 
.4 
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13 
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a4 
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DIP Packages Outline (PL) 
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0364-2 
Surface Mount Packages (M44) 


Figure 2: Pin Configurations 
(Outline Drawing PL) 


(II.•. 
.•....•..•. 
~ 
ABSOLUTE 
MAXIMUM 
RATINGS 
:I 
Power Dissipation 
(Note 1) 
0.SW@70·C 
g 
Supply Voltage 
(Voo-VSS) 
6.SV 
Input Voltage 
(Any Terminal) 
(Note 2) 


............................. 
Vss 
- 0.3V to Voo + 0.3V 


NOTE 1: This limit refers to that of the package 
and will not be realized 
during normal operation. 
NOTE 
2: Due to the SeA structure inherent 
in the CMOS 
process, 
connecting 
any terminal 
to voltages 
greater 
than Voo or less than Vss may cause 
destructive 
device latchup. For this reason, 
it is recommended 
that no inputs from external 
sources not operating 
on the same power supply be applied to the device 
before its supply is established, 
and that in multiple supply systems, the supply to the ICM7211 IICM7212 
be turned on first. 


NOTE: Stresses 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device 
at these or any othsr conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 
maximum 
rabng conditions 
for extended 
psriods 
may affect 
device 
reliability. 


Operating 
Temperature 
Range 
- 40·C to + 8S·C 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- SS·C to + 12S·C 
Lead Temperature 
(Soldering, 
10sec) 
30o-C 


ELECTRICAL 
CHARACTERISTICS 
ICM7211 CHARACTERISTICS (LCD) 
Voo = sv ± 10%, TA = 2S·C, VSS = OV unless otherwise 
specified. 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


VSUPPLY 
Operating 
Supply Voltage 
Range (Voo - VSS) 
3 
S 
6 
V 


100 
Operating 
Current 
Test circuit, Display blank 
10 
SO 
/LA 
IOSCI 
Oscillator 
Input Current 
Pin 36 
±2 
±10 


tR, tF 
Segment 
Rise/Fall 
Time 
CL =200pF 
O.S 
/Ls 
tR, tF 
Backplane 
Rise/Fall 
Time 
CL =SOOOpF 
1.S 


fose 
Oscillator 
Frequency 
Pin 36 Floating 
19 
kHz 


fBP 
Backplane 
Frequency 
Pin 36 Floating 
1S0 
Hz 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


VSUPPLY 
Operating 
Supply Voltage 
Range (Voo - VSS) 
4 
S 
6 
V 


ISTBY 
Operating 
Current 
Pin S (Brightness), 
10 
SO 
/LA 
Display Off 
Pins 27-34=Vss 


100 
Operating 
Current 
Pin S at Voo, Display all 8's 
200 
mA 


ISLK 
Segment 
Leakage 
Current 
Segment 
Off 
±0.01 
±1 
/LA 


ISEG 
Segment 
On Current 
Segment 
On, Vo= 
+3V 
S 
8 
mA 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


VIH 
Logical 
"1" input 
voltage 
4 
V 


VIL 
Logical 
"0" input 
voltage 
1 


IILK 
Input 
leakage 
current 
Pins 27-34 
±.01 
±1 
,...A 


CIN 
Input 
capacitance 
Pins 27-34 
5 
pF 


ISPLK 
BPI Brightness 
input 
leakage 
Measured 
at Pin 5 with 
Pin 36 at Vss 
±.01 
±1 
,...A 


CSPI 
BPI Brightness 
input 
capacitance 
All Devices 
200 
pF 


AC CHARACTERISTICS 
- 
MULTIPLEXED 
INPUT CONFIGURATION 


tWH 
Digit 
Select 
Active 
Pulse 
Width 
Refer 
to Timing 
Diagrams 
1 
,...s 


tDS 
Data 
Setup 
Time 
500 
ns 


tDH 
Data 
Hold 
Time 
200 


tlDS 
Inter-Digit 
Select 
Time 
2 
,...s 


AC CHARACTERISTICS 
- 
MICROPROCESSOR 
INTERFACE 


tWL 
Chip 
Select 
Active 
Pulse 
Width 
other 
Chip 
Select 
either 
held active, 
or 
200 
both 
driven 
together 
ns 


tDS 
Data 
Setup 
Time 
100 


tDH 
Data 
Hold 
Time 
10 
0 


tiCS 
Inter-Chip 
Select 
Time 
2 
,...s 


EACHSEGMENT 
OUTPUTTO 
BACKPLANE 
WITHA 200pF 
CAPACITOR 


lVDO 
2 
3 
4 


5 BP 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


40 
39 
ICM7211(A)(M) 
38 


37 


OSC 36 
Vss 35 


Digit/ChipI~~ 
Select 
Input. 
32 
31 


DataI~~ 
Input. 
28 


27 
26 
25 


24 


23 
22 


21 


v 
(MICROPROCESSOR) 
DO 
VERSION 


VSS (MULTIPLEXED) 
VERSION 
• 


~ 
TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
:I 
ICM7211 OPERATING 
SUPPLY CURRENT AS A 
g 
FUNCTION OF SUPPLY VOLTAGE 
30 


LI:!O Orlv'CJS. 
TJST 
CIRCUIT 
I 
f-- DISPLAY BLANK 
PIN 31 OPEN 
I 
I 
/ ' 
ITA= 1-2O"C)i / / 
V 'j 


T'~25'C,/ 
~ 
/ /:V 
V ~ 
V;~ 
'" 
T.=70·C 
~~~ 
, 


l!OO~ICJS 
J,' 


-T.~25·C 
X 


./ 
Cosc=O 
(PIN 36 OPEN) 
_ 
/ 
,/ 
" 
/' 
./ 


,." 
, 
••••••••. 
COse=22PF 
./ 


./ V" 
.•' 
--- 
Cose 
220pF 


_!,,~5A~V~ 
T.-25-c 
...J.. 


•.•..•.•. 
~SUpp~'V - t-- 
-' 
,/ 


J/ '/ .- 
Vsupp· tV 
I/ 
..-- 
f/ / 
Vsupp·4V 
'/' 
I., 


ICM7212 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 
12 


JGIIE~T 
O~TPU~ 
AT ~ 3V I 
I 
T. -25·C 
j 
/ 
1/ 
I 


/ 
/ 
I 


./ 
/ 
./ 


Jooe!ncJ 
I 
I 
I 
, 
DISPlAY 
ALL EIGHTS 
LED FORWARD 
VOLTAGE DROP 
VFlED-1.7V 
/ 
PIN SAT 
Voo 
T•.-25·C 


7 
'/ 


"'v 
V 


./ V 
,.- 


INPUT DEFINITIONS 


In this table, 
VDD and Vss 
are considered 
to be normal 
operating 
input 
logic 
levels. 
Actual 
input 
low and 
high levels 
are 
specified 
under 
Operating 
Characteristics. 
For lowest 
power 
consumption, 
input signals 
should 
swing over the full supply. 


Input 
Terminal 
Conditions 
_ 
Function 


BO 
27 
VDD= Logical One 


Vss = Logical Zero 
Ones (Least Significant) 


VDD = Logical One 


B1 
28 
Vss = Logical Zero 
Twos 
Data Input Bits 
VDD = Logical One 


B2 
29 
Vss = Logical 
Zero 
Fours 


VDD = Logical One 


B3 
30 
Vss=Logical 
Zero 
Eights (Most significant) 


OSC 
36 
Floating 
or with ex- 
Oscillator 
input 


(LCD Devices 
Only) 
ternal capacitor 
to VDD 


Vss 
Disables 
BP output 
devices, 
allowing 
segments 
to be 


synchronized 
to an external 
signal input at the BP terminal 
(Pin 5) • 


C\l.•.,.•..•. 
~ 
ICM7211 MULTIPLEXED-BINARY 
INPUT CONFIGURATION 
2g 
Input 
Terminal 
Conditions 
Function 


01 
31 
Voo = Active 
01 Digit Select 
(least 
significant) 


02 
32 
Vss = Inactive 
02 Digit Select 


03 
33 
03 Digit Select 


04 
34 
04 Digit Select 
(Most significant) 


Input 
Description 
Terminal 
Conditions 
Function 


DA1 
Digit Address 
31 
Voo = logical 
One 
DA 1 & DA2 serve as a two bit Digit Address 
Input 


Bit 1 (LSB) 
Vss = logical 
Zero 
DA2, DA 1 = 00 selects 
04 


DA2 
Digit Address 
32 
DA2, DA1 =01 
selects 
03 


Bit 2 (MSB) 
DA2, DA 1 = 10 selects 
02 


DA2, DA 1 = 11 selects 
01 


CS1 
Chip Select 
1 
33 
Voo = Inactive 
When both CS1 and CS2 are taken low, the data at the Data 


CS2 
Chip Select 
2 
34 
Vss = Active 
and Digit Select 
code inputs are written 
into the input "itches. 


On the rising edge of either Chip Select, the data is decoded 


and written 
into the output 
latches. 


~ 
r 


DATA AND 
DIGIT 
ADDRESS 


mmm~= DON'T 
CARE 
"""''''''"'''''"0< 


DESCRIPTION 
OF OPERATION 
LCD DEVICES 
The LCD devices in the family (ICM7211, 7211A, 7211M, 


7211AM) provide outputs suitable for driving conventional 
four-digit, seven-segment LCD displays. These devices in- 
clude 28 individual segment drivers, backplane driver, and a 
self-contained oscillator and divider chain to generate the 
backplane frequency. 
The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any DC component, which could arise 
from differing rise and fall times, and ensures maximum dis- 
play life. 
The backplane output devices can be disabled by con- 
necting the OSCillator input (pin 36) to Vss. This allows the 
28 segment outputs to be synchronized directly to a signal 
input at the BP terminal (pin 5). In this manner, several slave 
devices may be cascaded to the backplane output of one 
master device, or the backplane may be derived from an 
external source. This allows the use of displays with charac- 
ters in multiples of four and a single backplane. A slave 
device represents a load of approximately 200pF (compara- 
ble to one additional segment). Thus the limitation of the 
number of devices that can be slaved to one master device 
backplane driver is the additional load represented by the 
larger backplane of displays of more than four digits. A good 
rule of thumb to observe in order to minimize power con- 
sumption is to keep the backplane rise and fall times less 
than about 5 microseconds. The backplane output driver 
should handle the backplane to a display of 16 one-half- 
inch characters. It is recommended, if more than four devic- 
es are to be slaved together, the backplane signal be de- 
rived externally and all the ICM7211 devices be slaved to it. 
This external signal should be capable of driving very large 
capacitive loads with short (1-2,..s) rise and fall times. The 
maximum frequency for a backplane signal should be about 
150Hz although this may be too fast for optimum display 
response at lower display temperatures, depending on the 
display type. 
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OFF 
SEGMENTS 
I 
...J 
L-- 


The onboard oscillator is designed to free run at approxi- 
(II 
mately 19kHz at microampere power levels. The oscillator 
•••• 
frequency is divided by 128 to provide' the backplane fre- :I 
quency, which will be approximately 150Hz with the oscilla- g 
tor free-running; the oscillator frequency may be reduced by 
connecting an external capacitor between the OSCillator 
terminal and Voo. 


The oscillator may also be overdriven if desired, although 
care must be taken to ensure that the backplane driver is 
not disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCillator input between 
the positive supply and a level out of the range where the 
backplane disable is sensed (about one fifth of the supply 
voltage above Vss). Another technique for overdriving the 
oscillator (with a signal swinging the full supply) is to skew 
the duty cycle of the overdriving signal such that the nega- 
tive portion has a duration shorter than about one microsec- 
ond. The backplane disable sensing circuit will not respond 
to signals of this duration. 
LED DEVICES 
The LED device in the family (7212AM) provides outputs 
suitable for directly driving four-digit, seven-segment com- 
mon-anode LED displays. These devices include 28 individ- 
ual segment drivers, each consisting of a low-leakage, cur- 
rent-controlled, open-drain, n-channel transistor. 


The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" 
resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 7. The potenti- 
ometer should be a high value (1OOKOto 1MO) to minimize 
power consumption, which can be significant when the dis- 
play is off. 


The BRighTness input may also be operated digitally as a 
display enable; when high, the display is fully on, and low 
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
voltages at the BRighTness input. 


Note that the LED device has two connections for Vss; 


both of these pins should be connected. The double con- 
9 


nection is necessary to minimize effects of bond wire resist- 
ance with the large total display currents possible. 


When operating LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera- 
tures. The maximum power dissipation is 1 watt at 25'C, 
derated linearly above 35'C to 500mW at 70'C (-15mW /'C 
above 35'C). Power dissipation for the device is given by: 


P=(VsuPp- VFLEOHlsEGHnSEG) 
where VFLEOis the LED forward voltage drop, ISEGis seg- 
ment current, and nSEGis the number of "on" segments. It 
is recommended that if the device is to be operated at ele- 
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 


Voo 
(LED ANODES) 


BRIGHTNESS 
PIN 5 


'INPUT 
CONFIGURATIONS 
AND 
OUTPUT CODES 


The standard 
devices 
in the ICM7211/12 
family accept 
a 
four-bit 
true 
binary 
(ie, positive 
level = logical 
one) 
input 
at 
pins 27 thru 30, least 
significant 
bit at pin 27 ascending 
to 


the 
most 
significant 
bit 
at 
pin 
30. 
The 
ICM7211 
and 
ICM7211 M devices 
decode 
this 
binary 
input 
into a seven- 
segment 
alphanumeric 
hexadecimal 
output, 
while 
the 


ICM7211A, 
ICM7211AM, 
and ICM7212AM 
decode 
the bina- 


ry input into seven-segment 
alphanumeric 
"Code 
B" output, 
I.e. 0-9, 
dash, 
E. H, l, P, blank. 
These 
codes 
are shown 
explicitly 
in Table 
1. Either decoder 
option 
will correctly 
de- 
code true BCD to a seven-segment 
decimal 
output. 


TABLE 
1: Output Codes 


BINARY 
HEXADECIMAL 
CODEB 
ICM7211 
ICM7211A 
B3 
B2 
B1 
BO 
ICM7211M 
ICM7212AM 


0 
0 
0 
0 
" 
,-, 
L' 
'-' 


0 
0 
0 
1 
: 
,, 


0 
0 
1 
0 
,? 
'? 
0 
0 
1 
1 
:: 
;j 
-' 
0 
1 
0 
0 
'-: 
'-', 
- 
S 
0 
1 
0 
1 
'-J 


0 
1 , 
0 
,- 
,- 
,=, 
,.:; 


0 
1 , , 
., 
-, 
, 
. 
, 
0 
0 
0 
,=. 
,=, 
'-' 
'-' 
, 
0 
0 
1 
':' 
,;> 
-' 


..J 
, 
0 , 
0 
Ct 
. 


" 
1 
0 
1 
1 
b 
E 


1 
1 
0 
0 
,. 
:, 
- 
1 
1 
0 
1 
d 
, 
'- 
1 
1 
1 
0 
:: 
::' 


1 
1 
1 
1 
:= 
IBLANK} 
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These 
devices 
are actually 
mask-programmable 
to pro- 
vide 
any 
16 combinations 
of the 
seven 
segment 
outputs 
decoded 
from 
the four input bits. For large quantity 
orders 
custom 
decoder 
options 
can be arranged. 
Contact 
the fac- 
tory for details. 


The ICM7211 
and ICM7211A 
devices 
are designed 
to ac- 
cept 
multiplexed 
binary 
or BCD input. 
These 
devices 
pro- 


vide 
four 
separate 
digit 
lines 
(least 
significant 
digit 
at 


fJ" I ., I ""''''''OIng 
(0 most slgnmcam 
Olglt at pin ;J4J, eacn 
01 
which 
when 
taken 
to a positive 
level decodes 
and stores 
in 
the output 
latches 
of its respective 
digit the character 
corre- 
sponding 
to the data at the input port, pins 27 through 
30. 


The 
ICM7211M, 
ICM7211AM, 
and 
ICM7212AM 
devices 
are intended 
to accept 
data from 
a data bus under 
proces- 
sor control. 


In these 
devices, 
the four data input bits and the two-bit 
digit address 
(DA1 pin 31, DA2 pin 32) are written 
into input 
buffer 
latches 
when 
both 
chip 
select 
inputs 
(CS1 
pin 33, 


CS2 pin 34) are taken 
low. On the rising edge of either chip 
select 
input, the content 
of the data input latches 
is decod- 
ed and stored 
in the output 
latches 
of the digit selected 
by 
the contents 
of the digit address 
latches. 


An address 
of 00 writes 
into 04, 
OA2 = 0, OA 1= 1 writes 
into 03, OA2 = 1, OA 1= 0 writes 
into 02, and 11 writes 
into 
01. The timing 
relationships 
for inputting 
data are shown 
in 
Figure 
5, and the chip 
select 
pulse 
widths 
and data 
setup 
and hold times 
are specified 
under 
Operating 
Characteris- 


tics. 
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Figure 8: Segment Assignment 
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Figure 9: Ganged ICM7211's Driving 
8-Dlglt LCD Display 
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ICM7218 


N\-JZ18 NOT_.... 
a-Digit 
LED J-LP 


E \gN\MENOE~ Compatible Multiplexed 


R 
NEW O~ 
\~ 
;.;Display Decoder Driver 


c.;:: 
\e, 
f 'I 
FEATURES 


HARRIS 
SEMICONDUCTOR 


The ICM7218 series of universal LED driver systems pro- 


vide, in a single package, all the circuitry necessary to inter- 
face most common microprocessors or digital systems to 
an LED display. Included on chip are an 8-byte static display 
memory, 2 types of 7-segment decoders, multiplex scan cir- 
cuitry, and high current digit and segment drivers for either 
common-cathode or common-anode displays. 


The ICM7218A and ICM7218B feature 2 control lines 


(WRITE and MODE) which write either 4 bits of control in- 
formation 
(DATA COMING, SHUTDOWN,DECODE, and 
HEXA/CODE B) or 8 bits of display input data. Display data 
is automatically sequenced into the 8-byte internal memory 
on successive positive going WRITE pulses. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 


The ICM7218C and ICM7218D feature 2 control lines 


(WRITE and HEXA/CODE B/SHUTDOVJN), 4 separate dis- 
play data input lines, and 3 digit address lines. Display data 
is written into the internal memory by setting up a digit ad- 
dress and strobing the WRITE line low. Only Hexadecimal 
and Code B formats are available for display outputs. 


• Microprocessor 
Compatible 
• Total Circuit Integration 
On Chip Includes: 


a) Digit and Segment Drivers 
b) All Multiplex Scan Circuitry 
c) 8 Byte Static Display Memory 
d) 7 Segment Hexadecimal and Code B Decoders 
• Output Drive Suitable for LED Displays Directly 
• Common Anode and Common Cathode Versions 
• Single 5 Volt Supply Required 
• Data Retention to 2 Volts Supply 
• Shutdown Feature - 
Turns Off Display and Puts 
Chip Into Low Power Dissipation Mode 
• Sequential and Random Access Versions 
• Decimal Point Drive On Each Digit 


.Part 
Temperature 
Package 
Display Type 
Number 
Range 


ICM7218AIJI 
- 40·C to + 8S·C 
28-PIN CERDIP 
Common Anode 


ICM7218BIJI 
- 40·C to + 8S·C 
28-PIN CERDIP 
Common Cathode 


ICM7218CIJI 
-40·Cto 
+8S·C 
28-PIN CERDIP 
Common Anode 


ICM7218DIJI 
- 40·C to + 8S·C 
28-PIN CERDIP 
Common Cathode 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANT ABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Voo - Vss) 
6V 
Digit Output 
Current 
300mA 
Segment 
Output 
Current 
SOmA 
Input Voltage 
(any terminal) 
Vss 
-O.3V 
to Voo+O.3V 
(Note 
1) 


Power Dissipation 
(28 Pin CERDIP) 
1 W (Note 2) 
Operating 
Temperature 
Range 
- 40·C to + 8S·C 
Storage 
Temperature 
Range 
.. . . . . . . .. 
- 6S·C to + lS0·C 
lead 
Temperature 
(Soldering, 
10sec) 
300·C 


NOTE 1: Due to the SeA structure inherent in the CMOS process used to fabricate these devices. connecting 
any terminal to a voltage greater than Voo or less 
than Vss may cause destructive 
device latchup. For this reason it is recommended 
that no inputs from sources operating on a different 
power supply be 


applied to the device before its own supply is established, 
and when using multiple supply systems the supply to the ICM7218 should be turned on first. 


2: These limits refer to the package and will not be obtained during normal operation. 
Derate above sere by 25mW per ·C. 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 
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Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


VSUPPlY 
Supply Voltage 
Range 
Operating 
4 
6 
V 


Power Down Mode 
2 
6 
V 


10 
Quiescent 
Supply Current 
Shutdown 
(Note 3) 
6 
10 
300 
J-LA 


100 
Operating 
Supply Current 
Common 
Anode 
SEGS On 
2.5 
mA 


SEGSOff 
Outputs 
500 
J-LA 


Common 
Cathode 
SEGS On 
Open Circuit 
700 
J-LA 


SEGSOff 
500 
J-LA 


Note 4 


IOIG 
Digit Drive Current 
Common 
Anode 
Vout=Voo 
-2.0V 
140 
200 
mA 


Common 
Cathode 
Vout=Vss 
+ 1.0V 
50 
100 
mA 


IOlK 
Digit Leakage 
Current 
Shutdown 
Mode 


Common 
Anode Vout = 2V 
100 
J-LA 


Common 
Cathode 
Vout = 5V 
100 
J-LA 


ISEG 
Peak Segment 
Drive Current 
Common 
Anode Vout = VSS + 1.0V 
20 
40 
mA 


Common 
Cathode 
Vout=VOO 
-2.0V 
-10 
-20 
mA 


ISlK 
Segment 
Leakage 
Current 
Shutdown 
Mode 


Common 
Anode Vout = Voo 
100 
J-LA 


Common 
Cathode 
Vout = VSS 
100 
J-LA 


.fMUX 
Display Scan Rate 
Per Digit 
250 
Hz 


Three 
Level Input: Pin 91CM7218C/D 


VIH 
Logical 
"1" 
Input Voltage 
Hexadecimal 
4.5 
V 


VIF 
Floating 
Input 
Code B 
2.0 
3.0 
V 


Vil 
Logical 
"0" 
Input Voltage 
Shutdown 
0.4 
V 


ZIN 
Three 
Level Input Impedance 
Note 3 
100 
kO 


VIH 
Logical 
"1" 
Input Voltage 
3.5 
V 


Vil 
Logical 
"0" 
Input Voltage 
0.8 
V 


tWl 
Write Pulse Width 
(Low) 
7218A, 
B 
550 
400 
ns 


tWl 
Write Pulse Width 
(Low) 
7218C, 
0 
400 
250 
ns 


tMH 
Mode Hold Time 
7218A, 
B 
150 
ns 


tMS 
Mode Set Up Time 
7218A,B 
500 
ns 


tos 
Data Set Up Time 
500 
ns 


tOH 
Data Hold Time 
7218 A, B 
50 
ns 


7218C,D 
125 
ns 


tAS 
Digit Address 
Set Up Time 
ICM7218C,D 
500 
ns 


tAH 
Digital Address 
Hold Time 
ICM7218C,D 
0 
ns 


ZIN 
Data Input Impedance 
5-10 pF Gate Capacitance 
1010 
Ohms • 


CD.•. 
(\I 
••• 
• 
TABLE 
1: INPUT DEFINITIONS 
ICM7218A and B 
g 


Input 
Terminal 
Logic 
Function 
Level 


WRITE 
8 
High 
Input Not Loaded 


Low 
Input Loaded 


MODE 
9 
High 
Load Control 
bits on Write Pulse 


Low 
Load Input Data on Write Pulse 


ID4 SHUTDOWN 
10 
High 
Normal Operation 


Low 
Shutdown 
(Oscillator, 
Decoder 
and Display 
Disabled) 


ID5 (DECODE) 
6 
High 
No Decode 


MODE 
Low· 
Decode 


ID6 (HEXA/CODE 
B) 
High 
5 
High 
Hexadecimal 
Decoding 


Low 
Code B Decoding 


ID7 (DATA COMING) 
7 
High 
Data Coming. 
} 
Control 
Word 
Low 
No Data Coming 


IDO-ID7 
MODE 
11,12,13,14, 
Display Data Inputs (Notes 4, 5) 
Low 
5,6,10,7 


Input 
Terminal 
Logic 
Function 
Level 


WRITE 
8 
High 
Input Not Loaded 
Into Memory 


Low 
Input Loaded 
Into Memory 


9 
High 
Hexadecimal 
Decoding 


Floating 
Code B Decoding 


HEXA/CODE 
B/SHUTDOWN 
(Note 3) 
Low 
Shutdown 
(Oscillator, 
Decoder 
and Display 
Disabled) 


DAO -DA2 
10,6,5 
Digit Address 
Inputs 


IDO -ID3 
14,13,11,12 
Display Data Inputs 
ID (INPUT 
D.P.) 
7 
Decimal 
Point Input 


NOTE 3: In the ICM7218C and 0 (random access versions) the HEXA/CODE 
B/SHUTDOWN 
Input (Pin 9) has internal biasing resistors to hold n at Voo/2 
when 
Pin 9 is open circuited. These 
resistors consume 
power and result in a quiescent 
supply current (10) of typicalty 5OJAA. 


The ICM7218A. 
B. and E devices do not have these biasing resistors and thus are not subject to this condition. 


4: 100-103= 
Don't care when writing control data 
104-106= Don't care when writing Hex/Code 
B data 
107 = Decimal 
Point data 
(The display blanks on ICM7218A/B 
versions when writing in data) 
5; In the No Decode format, "Ones" represents "on" segments for all inputs except for the Decimal Point, where "Zero" represents an "on" segment, (Le. 


segments 
are positive true, decimal 
point is negative 
true). 


6: Common 
Anode 
segment 
drivers and Common 
Cathode 
Digit Drivers have 20kO 
pullup resistors. 
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DETAILED 
DESCRIPTION 
DECODE Operation 


For the ICM7218A1B 
products, 
there are 3 input data for- 


mats 
possible; 
either 
direct 
segment 
and decimal 
point 
in- 
formation 
(8 bits per digit) or two Binary 
code 
plus decimal 
point 
information 
(Hexadecimal/Code 
B formats 
with 5 bits 
per digit). 


0365-8 
Figure 4: Segment Assignments 
• 


i! 
The 7 segment decoder on chip is disabled when direct 
g 
segment information is to be written. In this format, the in- 
puts directly control the outputs as follows: 
Input Data: 
107 106 105 104 103 102 101 100 
Output Segments: D.P. 
a 
b 
c 
e 
g 
f 
d 
Here, "Ones" represent "on" segments for all inputs ex- 
cept the Decimal Point. For the Decimal Point "zero" repre- 
sents an "on" segment. 
HEXAdecimal/CODE 
B Decoding 
For all products, a choice of either HEXA or Code B de- 
coding may be made, HEXA decoding provides 7 segment 
numeric plus six alpha characters while Code B provides a 
negative sign (-), 
a blank (for leading zero blanking), cer- 


tain useful alpha characters and all numeric formats. 


The four bit binary code is set up on inputs 103-100,and 
decimal point data is set up on 107. 


Decimal 
o 1 234567891011 
12131415 


HEXACODE 0123456789 
AbC 
d 
E F 
CODEB 
o 1 2 3 4 5 6 7 8 9 - 
E 
H L 
P (BLANK) 


SHUTDOWN 
SHUTDOWN performs several functions: it puts the de- 


vice into a very low dissipation mode (typically 10,...Aat 
Voo = 5V), turns off both the digit and segment drivers, and 
stops the mUltiplex scan oscillator (this is the only way the 
scan oscillator can be disabled). However, it is still possible 
to input data to the memory during shutdown - 
only the 
display output sections of the device are disabled in this 
mode. 
Powerdown 
In the Shutdown Mode, the supply voltage may be re- 
duced to 2 volts without data in memory being lost. Howev- 
er, data should not be written into memory if the supply 
voltage is less than 4 volts. 
Output Drive 
The common anode output drive is approximately 200 mA 
per digit at a 12% duty cycle. With segment peak drive cur- 
rent of 40mA typically, this results in 5mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond- 
ingly less. 
Inter Digit Blanking 
A blanking time of approximately 10,...soccurs between 
digit strobes. This ensures that the segment information is 
correct before the next digit drive, thereby avoiding display 
ghosting. 


Driving Larger Displays 
If a higher average drive current per digit is required, it is 
possible to connect digit drive outputs together. For exam- 
ple, by paralleling pairs of digit drives together to drive a 4 
digit display, 5mA average segment drive current can be 
obtained. 
Power Dissipation Considerations 
Assuming common anode drive at Voo=5 
volts and all 
digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200mA. Assuming 
a 1.8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM7218. The device power dissipation 
will therefore be 640mW, rising to about 900mW, for all 
'8' 's displayed. Caution: Position device In system such 
that air can flow freely to provide maximum cooling. 
The common cathode dissipation Is approximately one 
half that of the common anode dissipation. 
Sequential Addressing Considerations 
(ICM7218A/B) 
The control instructions are read from the input bus lines 
if MODE is high and WRITE low. The instructions occur on 4 
lines and are - 
DECODE/ no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory locations have been written 
to, additional transitions of the WRITE input are ignored un- 
til a new control word is written. It is not possible to change 
one individual digit without refreshing the data for all the 
other digits. 
Random Access Input Drive 
Considerations (ICM7218C/D) 
Control instructions are provided to the ICM7218C/D by a 
single three level input terminal (Pin 9), which operates in- 
dependently of the WRITE pulse. 


Data can be written into memory on the ICM7218C/D by 
setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, it is possible to change only digit 7 without 
altering the data for the other digits. (See Figure 7). 
Supply Capacitor 
A 0.1,...Fplus a 47,...Fcapacitor is recommended between 
Voo and Vss to bypass display multiplexed noise. 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
COMMON ANODE SEG. DRIVER 
COMMON ANODE SEG. DRIVER 
ISEG va. VOUT AT 25"C 
ISEG. va. VOUT 


• 
• 
c'y' 


COMMON CATHODE DIGIT DRIVER 
IDiGva. VOUT AT 25"C 
COMMON CATHODE SEG. DRIVER 
ISEG VB. (VOO-VOUT) 


'- 
......•.•..•........... 
." 


COMMON ANODE DIGIT DRIVER 
10lG va. (VOO-VOUT) 


ij •• 


COMMON CATHODE DIGIT DRIVER 
10lG va. VOUT 
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i! APPLICATION 
EXAMPLES 
8 DIGIT 
MICROPROCESSOR 
DISPLAY 
APPLICATION 
Figure 10 shows a display interface using the ICM7218A1 
B with an 8048 family microcontroller. The 8 bit data bus 
(DBO/DB7-IDO/ID7) transfers control and data information 
to the 7218 display interface on successive WRITE pulses. 
The MODE input to the 7218 is connected to one of the 1/0 
port pins on the microcontroller. When MODE is high a con- 
trol word is transferred; when MODE is low data is trans- 
fered. Sequential locations in the 8-byte static memory are 
automatically loaded on each successive WRITE pulse. Af- 
ter eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred. (See Figure 
6). This also allows writing to other peripheral devices with- 
out disturbing the ICM7218A1B. 


16 DIGIT MICROPROCESSOR 
DISPLAY 
In this application (see Figure 11), both ICM7218's are 
addressed simultaneously with a 3 bit word, DA2-DAO.Dis- 


- 
.... 
•• 
•• 
VCC Voo 
Vss 


play data from the 8048 I/O bus (DB7-DBO)is transferred to 
both ICM7218's simultaneously. 


The display digits from both ICM7218's are interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 
Decimal point information is supplied to the ICM7218's 
from the processor on port lines P26 and P27. 


NO DECODE APPLICATION 
The ICM7218 can also be used as a microprocessor 
based LED status panel driver. The microprocessor select- 
ed control word must include "No 
Decode" and "Data 
Coming". The processor writes "Ones" and "Zeroes" into 
the ICM7218 which in turn directly drives appropriate dis- 
crete LEDs. LED indicators can be red or green (8 seg- 
ments X8 digits=64 
dots +2 per red or green =32 chan- 
nels). 
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GENERAL 
DESCRIPTION 
The Harris ICM7228 display driver interfaces microproc- 
essors to an 8 digit, 7 segment, numeric LED display. In- 
cluded on chip are two types of 7 segment decoder, multi- 
plex scan circuitry, LED display segment drYers, LED dis- 
play digit drivers and an 8-byte static memory as display 
RAM. 
Data can be written to the ICM7228A and ICM7228B's 
display RAM in sequential 8 digit update or in single digit 
update format. 
Data is written to the 
ICM7228C and 
ICM7228D display RAM in parallel random access format. 
The ICM7228A and ICM7228C drive common anode dis- 
plays. The ICM7228B and ICM7228D drive common cath- 
ode displays. All versions can display the RAM data as ei- 
ther Hexadecimal or Code B format. The ICM7228A and 
ICM7228B incorporate a No Decode mode allowing each bit 
of each digit's RAM word to drive individual display seg- 
ments resulting in independent control of all display seg- 
ments. As a result, bargraph and other irregular display seg- 
ments and formats can be driven directly by this chip. 


The Harris ICM7228 is an alternative to-both the Maxim 
ICM7218 and the Harris ICM7218 display drivers. Notice 
that the ICM7228A1B has an additional single digit access 
mode. This could make the Harris ICM7218A1B software 
incompatible with ICM7228A1B operation. As a result, the 
part is renamed the ICM7228 to eliminate this possible con- 
fusion. 


All versions of the ICM7228 are offered in both industrial 
and military temperature ranges. 
ORDERING 
INFORMATION 


u-uign 
fL~ \#OmpallDle !i 
LED Display Decoder Driver S! 


FEATURES 
• Improved 2nd Source to Maxim ICM7218 
• Fast Write Access Time of 200 ns 
• Multiple Microprocessor 
Compatible Versions 
• Hexadecimal, Code B and No Decode Modes 
• Individual segment Control with "No Decode" 
Feature 
• Digit and Segment Drivers On-Chip 
• Non-overlapplng 
Digits Drive 
• Common Anode and Common Cathode LED 
Versions 
• Low Power CMOS Architecture 
• Single 5V Supply 
• 883B/Rev C Compliant 


APPLICATIONS 


• Instrumentation 
• Test EqiJlpment 
• Hand Held Instruments 
• Bargraph Displays 
• Numeric and Non-Numeric Panel Displays 
• High and Low Temperature 
Environments 
where 
LCD Display Integrity Is Compromised 


Part Number 
Tempertaure 
Package 
Data Entry 
Display Type 
Range 
Protocol 


ICM7228AIPI 
-40"Cto 
+85'C 
28-Pin Plastic DIP 
Sequential 
Common Anode 


ICM7228BIPI 
- 40'C to + 85'C 
28-Pin Plastic DIP 
Sequential 
Common Cathode 


ICM7228CIPI 
-40'Cto 
+85'C 
28-Pin Plastic DIP 
Random 
Common Anode 


ICM7228DIPI 
- 40'C to + 85'C 
28-Pin Plastic DIP 
Random 
Common Cathode 


ICM7228AIJI 
- 40"C to + 85'C 
28-Pin CERDIP 
Sequential 
Common Anode 


ICM7228BIJI 
-40"Cto 
+ 85'C 
28-Pin CERDIP 
Sequential 
Common Cathode 


ICM7228CIJI 
-40'Cto 
+ 85'C 
28-Pin CERDIP 
Random 
Common Anode 


ICM7228DIJI 
-40'Cto 
+ 85'C 
28-Pin CERDIP 
Random 
Common Cathode 


ICM7228AIBI 
- 40'C to + 85'C 
28-PinSOIC 
Sequential 
Common Anode 


ICM7228BIBI 
-40'Cto 
+ 85'C 
28-PinSOIC 
Sequential 
Common Cathode 


ICM7228CIBI 
-40'Cto 
+ 85'C 
28-PinSOIC 
Random 
Common Anode 


ICM7228DIBI 
-40'C 
to + 85'C 
28-PinSOIC 
Random 
Common Cathode 


ICM7228AMIJI 
-55'Cto 
+ 125'C 
28-Pin CERDIP 
Sequential 
Common Anode 


ICM7228BMIJI 
-55'C 
to + 125'C 
28-Pin CERDIP 
Sequential 
Common Cathode 


ICM7228CMIJI 
-55'C 
to + 125'C 
28-Pin CERDIP 
Random 
Common Anode 


ICM7228DMIJI 
- 55'C to + 125'C 
28-Pin CERDIP 
Random 
Common Cathode 
• 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WiTH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USe. 
202820-002 


ICM7228A 
Common 
Anode 


ICM7228C 
Common 
Anode 


liege 
liege 
lIeg b 
O.P. 
DAG (OlGIT ADDRESS 0) 
DA1 (DIGIT ADDRESS 1) 
107 (INPUT D.P.) 
WIiiTE 
HEXAICODE B/SHUTDOWN 
DA2 (DIGIT ADDRESS 2) 
101 
11 
100 12 
102 U 
103 I. 


DIGIT 4 
DIGITI 
DIGIT 3 
DIGIT 1 • 
101 (HEXAleoon) 


ID5(~) 
107 (DATA COMING) 
WRITE 
MODE. 
104 (SHUTDOWN) 
10 
101 
11 
1001'2 
10213 
103 I. 


DIGIT 4 
DIGITI 
DIGIT 3 
DIGIT 1 
DAD (DIGIT ADDRESS 0) 
DA1 (DIGIT ADDRESS " 
107 (INPUT 0]1.) 
Wllft 
HEXAICODE B/SHUTDOWN 
DA2 (DIGIT ADDRESS 21 
101 
100 
102 
103 


ICM72288 
Common 
Cathode 


ICM7228D 
Common 
Cathode 


100-107 
INPUT 
DATA 
8 


a·BYTE 
STATIC 
RAM 


100-103 
HEXADECIMALI 
107 
CODE 
81 
DATA 
SHUTDOWN 
INPUT 
1 
S 


8-BYTE 
STATIC 
RAM 


OAO-OA2 
DIGIT 
ADDRESS 
3 


WRITE 
ADDRESS 
DECODER 


• 


Supply Voltage 
(Voo 
- 
Vss) 
BV 


Digit Output Current 
500 mA 


Segment 
Output 
Current 
100 mA 


Input Voltage 
(Note 1) 
(Any Terminal) 
..... 
(Vss 
- 
0.3V) < VIN < (Voo 
+ 0.3V) 


Power 
Dissipation 
(Note 2) 
28-Pin Plastic with Copper 
Leadframe 
1.0W 
28-Pin CERDIP 
1.0W 
28-Pin SOIC 
0.7W 


Operating 
Temperature 
Range 
IPI.IJI,IBI 
Packages 
-40'C 
< TA < +85'C 
MIJI Package 
-55'C 
< TA < +125'C 


Storage 
Temperature 
Range 
- 65'C < TS < + 160'C 


Lead Temperature 
(Soldering 
10 sec) 
300'C 


may cause parmanant 
damaga to tha davica. 
Thasa are stress ratings only 
and functional 
oparation 
of tha davica 
at lhasa 
or any othar 
conditions 
above thosa indicatad in tha oparationaJ sactions of tha spacifications 
is not 
imp/lad. Exposura 
to absolute maximum rating conditions 
tor exte_ 
par;. 


ods may affact device reliability. 


NOTE 1: Due to the SCR structure 
inherent 
in the CMOS process 
used to 
fabricate 
thase devices. connecting 
any terminal 
to a voltage 
greater 
then 
VOD or less than Vss may cause destructive 
device latchup. For this reason, 
it is recommended 
that no inputs from sources operating on a different pow· 
er supply be applied to the dBvice before its own supply is established. 
and 
whan using multiple supply systems the supply to the ICM7228 should be 
turned on first 


NOTE 2: These limits refer to the package 
and will not be obtained 
during 
normal operation. 
Derate above 5O'C by 25 mW per ·C. 


ELECTRICAL 
CHARACTERISTICS 
(Voo = +5.0V 
±10%. 
Vss = ov) 


INDUSTRIAL TEMPERATURE RANGE, IPI, IJI, IBI DEVICES 


Symbol 
Parameter 
Test 
Conditions 
TA = +25'C 
-40'C 
s; TA s; +85'C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


VSUPPLY 
Supply Voltage 
Range 
Operating 
4 
6 
4 
6 
V 
Power Oown Mode 
2 
2 


10 
Quiescent 
Supply 
Shutdown, 
7228A, 
7228B 
1 
100 
1 
100 
IJ-A 
Current 
Shutdown. 
7228C, 
72280 
2.5 
100 
2.5 
100 


100 
Operating 
Supply 
Common 
Anode, 
7228A1C 


Current 
Segments 
= ON 
200 
450 
200 
450 


Outputs = OPEN 


Common 
Anode, 
7228A1C 


Segments 
= OFF 
100 
450 
100 
450 


Outputs 
= OPEN 
IJ-A 
Common 
Cathode. 
7228B/0 


Segments 
= ON 
250 
450 
250 
450 


Outputs 
= OPEN 


Common 
Cathode, 
7228B/D 


Segments 
= OFF 
175 
450 
175 
450 


Outputs = OPEN 


IOIG 
Digit Drive 
Common 
Anode. 
7228A1C 
200 
175 
Current 
VOUT = Voo 
- 
2.0V 
mA 
Common 
Cathode, 
7228B/D 
50 
40 
VOUT = Vss 
+ 
1.0V 


IOLK 
Oigit Leakage 
Shutdown 
Mode. VOUT = 2.0V 
1 
100 
1 
100 
Current 
Common 
Anode. 
7228A1C 
IJ-A 
Shutdown 
Mode, Your = 5.0V 
1 
100 
1 
100 
Common 
Cathode, 
7228B/0 


ISEG 
Peak Segment 
Common 
Anode. 
7228A1C 
20 
25 
20 
Drive Current 
Your = Vss 
+ 
1.0V 
mA 
Common 
Cathode, 
7228B/0 
10 
12 
10 
VOUT = Voo 
- 
2.0V 


Symbol 
Parameter 
Test Conditions 
TA = +25"C 
-40"C 
,;; TA ,;; +85"C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


ISLK 
Segment 
Leakage 
Shutdown 
Mode, VOUT = Voo 
1 
50 
1 
50 
Current 
Common 
Anode, 
7228A1C 
".A 
Shutdown 
Mode, VOUT = Vss 
1 
50 
1 
50 
Common 
Cathode, 
7228B/D 


IlL 
Input Leakage 
All Inputs except 
Pin 9 
1 
1 
Current 
7228C, 7228D VIN = VSS 
".A 
All Inputs except 
Pin 9 
-1 
-1 
7228C, 
7228D VIN = 5.0V 


fMUX 
Display Scan Rate 
Per Digit 
390 
390 
Hz 


tloB 
Inter-Digit 
2 
10 
2 
".s 
Blanking 
Time 


VINH 
Logical 
"1" 
Input 
Three Level Input: Pin 9 


Voltage 
7228C, 7228D 
Hexadecimal 
4.2 
4.2 
V 


Voo = 5V 


VINF 
Floating 
Input 
Three 
Level Input: Pin 9 
7228C, 7228D Code B 
2.0 
3.0 
2.0 
3.0 
V 


Voo = 5V 


VINL 
Logical 
"0" 
Input 
Three Level Input: Pin 9 
Voltage 
7228C, 7228D Shutdown 
0.8 
0.8 
V 


Voo = 5V 


llN 
Three 
Level Input 
Vcc = 5V 
50 
50 
kO 
Impedance 
Pin 9 of 7228C and 7228D 


VIH 
Logical 
"1" 
Input 
All Inputs except 
2.0 
2.0 
Voltage 
Pin 9 of 7228C, 7228D 
V 
VIL 
Logical 
"0" 
Input 
Voo = 5V 


Voltage 
0.8 
0.8 


SWITCHING 
CHARACTERISTICS 
(Yoo = +5.0V 
±10%, 
VSS = OV, VIL = +0.4V, 
VIH = +2.4V) 


INDUSTRIAL TEMPERATURE RANGE, IPI, IJI, IBI DEVICES 


Symbol 
Parameter 
Test Conditions 
TA = +25"C 
-40"C 
,;; TA ,;; +85"C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


tWL 
Write Pulsewidth 
(Low) 
200 
100 
250 
ns 


tWH 
Write Pulsewidth 
(High) 
850 
540 
1200 
ns 


tMH 
Mold Hold Time 
7228A, 
7228B 
0 
-65 
0 
ns 


tMS 
Mold Setup Time 
7228A, 
7228B 
250 
150 
250 
ns 


tos 
Data Setup Time 
250 
160 
250 
ns 


tOH 
Data Hold Time 
0 
-60 
0 
ns 


tAS 
Digit Address 
7228C,7228D 
250 
110 
250 
ns 
Setup Time 


tAH 
Digit Address 
7228C, 7228D 
0 
-60 
0 
Hold Time 
ns 


:: 
ICM7228 
(II 
too 
~ 
ELECTRICAL 
CHARACTERISTICS 
(VDD = +5.0V 
±10%, 
Vss = OV) (Continued) 
g 
MILITARY TEMPERATURE RANGE, MIJI DEVICES 


Symbol 
Parameter 
Test Conditions 
TA = 
+25°C 
-55°C';; 
TA';; 
+12S 


oC 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


VSUPPLY 
Supply Voltage 
Operating 
4 
6 
4 
6 
V 
Range 
Power Down Mode 
2 
2 


10 
Quiescent 
Supply 
Shutdown, 
7228A, 
7228B 
1 
100 
1 
100 
I'-A 
Current 
Shutdown. 
7228C, 
72280 
2.5 
100 
2.5 
100 


IDD 
Operating 
Supply 
Common 
Anode, 7228A1C 


Current 
Segments 
= ON 
200 
450 
200 
550 


Outputs 
= OPEN 


Common 
Anode. 7228A1C 


Segments = OFF 
100 
450 
100 
450 


Outputs = OPEN 
I'-A 
Common 
Cathode. 
7228C/D 


Segments 
= ON 
250 
450 
250 
550 


Outputs 
= OPEN 


Common 
Cathode, 
7228C/D 


Segments 
= OFF 
175 
450 
175 
450 


Outputs = OPEN 


IDIG 
Digit Drive 
Common 
Anode, 
VDD = 5.0V 
200 
170 
Current 
VOUT = VDD - 
2.0V 
mA 
Common 
Cathode, 
VDD = 5.0V 
50 
35 
VOUT = Vss 
+ 
1.0V 


IDLK 
Digit Leakage 
Shutdown 
Mode 
1 
100 
1 
100 
Current 
Common 
Anode" 
VOUT = 2.0V 
I'-A 
Shutdown 
Mode 
1 
100 
1 
100 
Common 
Cathode. 
VOUT = 5.0V 


ISEG 
PeakSeg~nt 
Common 
Anode, 
VDD = 5.0V 
20 
25 
20 
25 
Drive Current 
VOUT = Vss 
+ 
1.0V 
mA 
Common 
Cathode. 
VDD = 5.0V 
10 
12 
10 
12 
VOUT = VDD - 
2.0V 


ISLK 
Segment 
Leakage 
Shutdown 
Mode 
1 
50 
1 
50 
Current 
Common 
Anode, 
VOUT = VDD 
I'-A 
Shutdown 
Mode 
1 
50 
50 
Common 
Cathode, 
VOUT = VSS 
1 


IlL 
Input Leakage 
All Inputs except 
Pin 9 
1 
1 
Current 
7228C, 72280 
VIN = VSS 
I'-A 
All Inputs except 
Pin 9 
-1 
-1 
7228C, 
72280 
VIN = 5.0V 


fMUX 
Display Scan Rate 
Per Digit 
390 
390 
Hz 


tlDB 
Inter-Digit 
2 
10 
2 
10 
Blanking 
Time 
I'-s 


ELECTRICAL 
CHARACTERISTICS 
(VDD = +5.0V 
±10%, 
VSS = OV)(Continued) 


MILITARY 
TEMPERATURE 
RANGE, 
MIJI 
DEVICES 


Symbol 
Parameter 
Test Conditions 
TA = +25°C 
-55°C';; 
TA';; 
+125°C 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


VINH 
Logial "1" 
Input 
Three 
Level Input: Pin 9 


Voltage 
7228C, 7228D 
Hexadecimal 
4.2 
4.2 
V 


VDD = 5V 


VINF 
Floating 
Input 
Three Level Input: Pin 9 


7228C, 7228D Code B 
2.0 
3.0 
2.4 
3.0 
V 


VDD = 5V 


VINL 
Logical 
"0" 
Input 
Three 
Level Input: Pin 9 


Voltage 
7228C, 7228D 
Shutdown 
0.8 
0.4 
V 


VDD = 5V 


llN 
Three Level Input 
VCC = 5V 
50 
50 
kfi 
Impedance 
Pin 9 of 7228C and 7228D 


VIH 
Logical 
"1" 
Input 
All Inputs except 
2.0 
2.0 
Voltage 
Pin 9 of 7228C, 7228D 
V 
VIL 
Logical 
"0" 
Input 
VDD = 5V 


Voltage 
0.8 
0.8 


SWITCHING 
CHARACTERISTICS 
(VDD = +5.0V 
±10%, 
VSS = OV, VIL = +O.4V, 
VIH = +2.4V) 


MILITARY 
TEMPERATURE 
RANGE, 
MIJI 
DEVICES 


Symbol 
Parameter 
Test Conditions 
TA = +25°C 
-55°C';; 
TA ,;; + 125°C 
Units 
Min 
Typ 
Max 
Mln 
Typ 
Max 


tWL 
Write Pulsewidth 
(Low) 
200 
100 
250 
115 
ns 


tWH 
Write Pulsewidth 
(High) 
850 
540 
1200 
840 
ns 


tMH 
Mode Hold Time 
7228A,7228B 
0 
-65 
0 
-65 
ns 


tMS 
Mode Setup Time 
722BA, 7228B 
250 
150 
250 
165 
ns 


tDS 
Data Setup Time 
250 
160 
250 
160 
ns 


tDH 
Data Hold Time 
0 
-60 
0 
-60 
ns 


tAS 
Digit Address 
7228C, 
7228D 
250 
110 
250 
100 
Setup Time 
ns 


tAH 
Digit Address 
7228C, 
7228D 
0 
-60 
0 
-60 
Hold Time 
ns 


Common Anode Digit Driver 
IOIG vs (VOO - 
VOIG) 
@ TAOC 


-55°C 
/.';.-250C 
1/ ~125OC 
o 


200 


-:< 
300 
-.S 


- 
'" 
/1. 
250C 
.15 


1250C _II 
400 


I 
500 
I 
l- 
I 
-55°C 


5.0 
4.0 
3.0 
2.0 
1.0 


Voo - 
VOIG (VOLTS) 


Common 
Cathode 
Drivers: 


Common Cathode Digit Driver 
IOIG vs VOIG @ TAOC 


-:< 
-.S 
300 


'" 
_0 
200 


100 


-55°C 
, 
25°C 


.....: 
.... 
1250C 


6::;'-, 


00 
1.0 
2.0 
3.0 
4.0 
5.0 


VOIG (VOLTS) 


Common Anode Segment Driver 
ISEG vs VSEG @ TAOC 


1 60 


I 
I 
I 


-55OC 
I 
,. 
250C 


/~ 
I 
1/ •••••. 
1250C 


1/.•••••• 
flY" 
1. 


oo 
1.0 
2.0 
3.0 
4,D 
5.0 


VSEG (VOLTS) 


Common Cathode Segment Driver 


ISEG vs (VOO - 
VSEG) 
@ TAOC 


550C 
50C 
25°C 
o 


,-- 
J.,2 
r1 
y 
U 
~ 


1/ 
./ 
~ 


10 


20 


-:< 


30 
-.S 
8 
'" 
40 


50 


5.0 
4.0 
3.0 
2.0 
1.0 


VOO - 
VSEG (VOLTS) 


~'~ 
- 
- 


HElA~~ 
• 
. 
"'''''''''' 
Dl'TA(;()JWfG/fJ7 


WIllI( 
1ClI722IA 
, 
- 
SHUTtlOWN': 
' 
, 


'" 


11 
, 
- 
•• 
I 


r* 


'" 
, 
" 
, 
---- 


V•• 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
V•• 
. 
•o~i;;:• 
5V- 


V•• 
V•• 
,- 
III 
D7 
DO 
•• " " 


D2 
DI 
d- 
IH.lHIfl.li~I.lHIFI.lHIH.I .-.- 
uuuuu.u.u.u 
,-.- 


lXlWlIOIl"""" 
• 
'1. 


""' 
, 
""' 
, 


lD7{D.P.} 


WIllI( 


HELI/<XlO<.fiiiijiOOiii 


""' 
, ID 
m, 


'"•• 
'" 
• 


Pin # 
Name 
Function 
Description 


1 
Segc 
Output 
LED Display Segments 
c, e, b and Decimal 
Point Drive Lines. 


2 
Sege 
3 
Seg b 
4 
D.P. 


5 
ID6, 
Input 
When "MODE" 
Low: Display Data Input, Bit 7. 


(HEXA/CODE 
B) 
When "MODE" 
High: Control 
Bit, Decoding 
Scheme 
Selection: 
High, Hexadecimal 
Decoding. 
Low, Code B Decoding. 


6 
ID5, (DECODE) 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 6. 
When "MODE" 
High: Control 
Bit, DecodelNo 
Decode 
Selection: 
High, No Decode. 
Low, Decode. 


7 
ID7, 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 8, Decimal 
Point Data. 
(DATA COMING) 
When "MODE" 
High: Control 
Bit, Sequential 
Data Update Select: 
High, Data Coming. 
Low, No Data Coming. 


8 
WRITE 
Input 
Data Input Will Be Written 
to Control 
Register 
or Display 
RAM on Rising Edge of WRITE. 


9 
MODE 
Input 
Selects 
Data to Be Loaded to Control 
Register 
or Display 
RAM: High, Loads Control 
Register. 
Low, Loads Display 
RAM. 


10 
ID4, 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 5. 


(SHUTDOWN) 
When "MODE" 
High: Control 
Bit, Low Power Mode Select: 
High, Normal 
Operation. 
Low, Oscillator 
and Display 
Disabled. 


11 
ID1 
Input 
When "MODE" 
Low: Display Data Input, Bit 2. 
When "MODE" 
High and "ID7 (DATA COMING)" 
Low: Digit Address, 
Bit 2, Single 
Digit Update 
Mode. 


12 
IDO 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 1. 


When "MODE" 
High and "ID7 (DATA COMING)" 
Low: Digit Address, 
LSB, Single 
Digit Update 
Mode. 


13 
ID2 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 3. 
When "MODE" 
High and "ID7 
(DATA COMING)" 
Low: Digit Address, 
MSB, Single 
Digit Update 
Mode. 


14 
ID3 
Input 
When "MODE" 
Low: Display Data Input, Bit 4. 
When "MODE" 
High: RAM Bank Select 
(Decode 
Modes Only): High, RAM Bank A. 


Low, RAM Bank B. 


15 
DIGIT 1 
Output 
LED Display Digits 1, 2, 5 and 8 Drive Lines. 
16 
DIGIT 2 
17 
DIGIT 5 
18 
DIGIT 8 


19 
Voo 
Supply 
Device Positive 
Power Supply Rail. 


20 
DIGIT 4 
Output 
LED Display 
Digits 4, 7, 6 and 3 Drive Lines. 


21 
DIGIT 7 
22 
DIGIT 6 
23 
DIGIT 3 


24 
Segf 
Output 
LED Display Segments 
f, d, g and a Drive Lines. 
25 
Segd 
26 
Segg 
27 
Sega 


28 
Vss 
Supply 
Device Ground 
or Negative 
Power Supply Rail. 


Pin # 
Name 
Function 
Description 


1 
DIGIT4 
Output 
LED Display 
Digits 4, 6, 3 and 1 Drive Lines. 


2 
DIGIT6 
3 
DIGIT3 
4 
DIGIT 1 


5 
ID6, 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 7. 


(HEXA/CODE 
B) 
When "MODE" 
High: Control 
Bit, Decoding 
Scheme 
Selection: 
High, Hexadecimal 
Decoding. 
Low, Code B Decoding. 


6 
IDS, (DECODE) 
Input 
When "MODE" 
Low: Display Data Input, Bit 6. 
When "MODE" 
High: Control 
Bit, DecodelNo 
Decode 
Selection:-High, 
No Decode. 


Low, Decode. 


7 
ID7, 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 8, Decimal 
Point Data. 
(DATA COMING) 
When "MODE" 
High: Control 
Bit, SequentiaWata 
Update 
Select: 
High, Data Coming. 
Low, No Data Coming. 


8 
WRITE 
Input 
Data Input Will Be Written 
to Control 
Register 
or Display 
RAM on Rising Edge 01 WRITE. 


9 
MODE 
Input 
Selects 
Data to Be Loaded to Control 
Register 
or Display 
RAM: High, Loads Control 
Register. 
Low, Loads 
Display RAM. 


10 
ID4, 
Input 
When "MODE" 
Low: Display Data Input, Bit 5. 


(SHUTDOWN) 
When "MODE" 
High: Control 
Bit, Low Power Mode Select: 
High, Normal 
Operation. 
Low, Oscillator 
and Display 
Disabled. 


11 
ID1 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 2. 


When "MODE" 
High and "ID7 (DATA COMING)" 
Low: Digit Address, 
Bit 2, Single Digit 
Update 
Mode. 


12 
IDO 
Input 
When "MODE" 
Low: Display Data Input, Bit 1. 


When "MODE" 
High and "ID7 (DATA COMING)" 
Low: Digit Address, 
LSB, Single 
Digit Update 
Mode. 


13 
ID2 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 3. 


When "MODE" 
High and "ID7 (DATA COMING)" 
Low: Digit Address, 
MSB, Single 
Digit Update 
Mode. 


14 
ID3 
Input 
When "MODE" 
Low: Display 
Data Input, Bit 4. 


When "MODE" 
High: RAM Bank Select 
(Decode 
Modes Only): High, RAM Bank A. 


Low, RAM Bank B. 


15 
D.P. 
Output 
LED Display Segments 
c, e, b and Decimal 
Point Drive Lines. 
16 
Sega 
17 
Segb 
18 
Segd 


19 
Voo 
Supply 
Device Positive 
Power Supply 
Rail. 


20 
Segc 
Output 
LED Display Segments 
c, e, 1and g Drive Lines. 


21 
Sege 
22 
Segl 
23 
Segg 


24 
DIGIT 8 
Output 
LED Display Digits 8, 2, 5 and 7 Drive Lines. 


25 
DIGIT 2 
26 
DIGIT 5 
27 
DIGIT 7 


28 
Vss 
Supply 
Device Ground 
or Negative 
Power Supply Rail. 
• 


Pin # 
Name 
Function 
Description 


1 
Segc 
Output 
LED Display Segments 
c, e, b and Decimal 
Point Drive Lines. 


2 
Sege 


3 
Segb 


4 
D.P. 


5 
DAO 
Input 
Digit Address 
Input, Bit 1, LSB. 


6 
DA1 
Input 
Digit Address 
Input, Bit 2. 


7 
ID7, 
Input 
Display 
Decimal 
Point Data Input, Negative 
True. 


(INPUT D.P.) 


8 
WRITE 
Input 
Data Input Will Be Written 
to Display RAM on Rising Edge of WRITE. 


9 
HEXAICODE 
BI 
Input 
Three 
Level Input. Display 
Function 
Control: 
High, 
Hexadecimal 


SHUTDOWN 
Decoding. 


Float, 
Code B Decoding. 


Low, 
Oscillator 
and 


Display 
Disabled. 


10 
DA2 
Input 
Digit Address 
Input, Bit 3, MSB. 


11 
ID1 
Input 
Display Data Inputs. 


12 
IDO 


13 
ID2 


14 
ID3 


15 
DIGIT 1 
Output 
LED Display 
Digits 1, 2, 5, and 8 Drive Lines. 


16 
DIGIT2 


17 
DIGIT 5 


18 
DIGIT8 


19 
Voo 
Supply 
Device Positive 
Power Supply 
Rail. 


20 
DIGIT 4 
Output 
LED Display 
Digits 4,7,6, 
and 3 Drive Lines. 


21 
DIGIT 7 


22 
DIGIT6 


23 
DIGIT3 


24 
Segf 
Output 
LED Display Segments 
f, d, g and a Drive Lines. 


25 
Segd 


26 
Segg 


27 
Sega 


28 
Vss 
Supply 
Device Ground 
or Negative 
Power Supply 
Rail. 


Pin II 
Name 
Function 
Description 


1 
DIGIT4 
Output 
LED Display 
Digits 4, 6, 3, and 1 Drive Lines. 


2 
DIGIT6 


3 
DIGIT3 


4 
DIGIT 1 


5 
DAO 
Input 
Digit Address 
Input, Bit 1, LSB. 


6 
DA1 
Input 
Digit Address 
Input, Bit 2. 


7 
ID7, 
Input 
Display 
Decimal 
Point Data Input, Negative 
True. 


(INPUT D.P.) 


8 
WRITE 
Input 
Data Input Will Be Written 
to Display 
RAM on Rising Edge 01 WRITE. 


9 
HEXAICODE 
Bf 
Input 
Three Level Input. Display Function 
Control: 
High, 
Hexadecimal 


SHUTDOWN 
Decoding. 


Float, 
Code B Decoding. 


I 
Low, 
Oscillator 
and 


Display 
Disabled. 


10 
DA2 
Input 
Digit Address 
Input, Bit 3, MSB. 


11 
ID1 
Input 
Display 
Data Inputs. 


12 
IDO 


13 
ID2 


14 
ID3 


15 
D.P. 
Output 
LED Display Segments 
a, b, d and Decimal 
Point Drive Lines. 


16 
Sega 


17 
Segb 


18 
Segd 


19 
VDD 
Supply 
Device 
Positive 
Power Supply Rail. 


20 
Segc 
Output 
LED Display 
Segments 
c, e, 1 and g Drive Lines. 


21 
Sege 


22 
Segl 


23 
Segg 


24 
DIGIT8 
Output 
LED Display Digits 8, 2, 5 and 7 Drive Lines. 


25 
DIGIT2 


26 
DIGIT5 


27 
DIGIT? 


28 
Vss 
Supply 
Device Ground 
or Negative 
Power Supply Rail. 
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DETAILED 
DESCRIPTION 
g 
System Interfacing and Data Entry 
Modes, ICM7228A and ICM7228B 
The ICM7228A1B devices are compatible with the archi- 


tectures of most microprocessor systems. Their fast switch- 
ing characteristics makes it possible to access them as a 
memory mapped I/O device with no wait state necessary In 
most microcontroller systems. All the ICM7228A1B inputs, 
including MODE, feature a 250 ns minimum setup and 0 ns 
hold time with a 200 ns minimum WRITE pulse. Input logic 
levels are TIL 
and CMOS compatible. Figure 7 shows a 
generic method of driving the ICM7228A1B from a micro- 
processor bus. To the microprocessor, each device appears 
to be 2 separate I/O locations; the Control Register an.dthe 
Display RAM. Selection between the two is accomplished 
by the MODE input driven by address line AO. Input data is 
placed on the 100-107 lines. The WRITE input acts as both 
a device select and write cycle timing pulse. See Figure 5 
and Switching Characteristics Table for write cycle timing 
parameters. 


The ICM7228A1B have three data entry modes: Control 
Register update without RAM update, sequential 8 digit up- 
date and single digit update. In all three modes a ~ontrol 
word is first written by pulsing the WRITE input while the 
MODE input is high, thereby latching data into the Control 
Register. The logic level of individual bits in the Control 
Register select Shutdown, Decode/No Decode, Hex/Code 
B, RAM bank AlB and Display RAM digit address as shown 
in Tables 1 and 2. 
The ICM7228A1B Display RAM is divided into 2 banks, 
called bank A and B. When using the Hexadecimal or code 
B display modes, these RAM banks can be selected sepa- 
rately. This allows two separate sets of display data to be 
stored and displayed alternately. Notice that the RAM bank 
selection is not possible in No-Decode mode, this is be- 
cause the display data in the No-Decode mode has 8 bits, 
but in Decoded schemes (Hex/Code B) is only 4 bits (100- 
103 data). It should also be mentioned that the decimal 
point is independent of selected bank, a turned on decimal 
point will remain on for either banks. Selection of the RAM 
banks is controlled by 103input. The 103 logiC level (dunng 
Control Register update) selects which bank of the internal 
RAM to be written to and/or displayed. 


MODE.Jl 
rL 


-, ----- 


CONTROL WORD 
TYPE OF DECODER? 106 
DECODE/NO DECODE? IDS 
SHUTDOWN? 
104 
DATA COMING 107 


DON'TCARE 
\ 


CONTROL WORD 
TYPE OF DECODER? 106 
DECODE/NO DECODE? 'OS 
SHUTDOWN? 
104 
DATA NOT COMING 107 


DETAILED 
DESCRIPTIONS 
(Continued) 


Control 
Register 
update 
without 
RAM update: 
The Control Register can be updated without changing 
the display data by a single pulse on the WRITE input, with 
MODE high and DATA COMING low. If the display is being 
decoded (Hex/Code B), then the value of 103 determines 
which RAM bank will be selected and displayed for all eight 
digits. 


Sequential 
8 digit update: 
The logic state of DATA COMING (107) is also latched 
during a Control Register update. If the latched value of 
DATA COMING (107) is high, the display becomes blanked 
and a sequential 8 digit update is initiated. Display data can 
now be written into RAM with 8 successive WRITE pulses, 
starting with digit 1 and ending with digit 8 (See Figure 6). 
After all 8 RAM locations have been written to, the display 
turns on again and the new data is displayed. Additional 
write pulses are ignored until a new Control Register update 
is performed. All 8 digits are displayed in the format (Hex/ 
Code B or No Decode) specified by the control word that 
preceded the 8 digit update. If a decoding scheme (Hex/ 
Code B) is to be used than the value of 103 during the 
control word update determines which RAM bank will be 
written to. 


II 
I 
C 
R 
a 
P 
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I/O 
a 
OR 
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E 
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DECODER 
ENABLE 


ADDRESS 
DECODER 


DEVICE SELECT 
.t 


WRITE PULSE 


Single 
Digit update: 
In this mode each digit data in the display RAM can be 
updated individually without changing the other display 
data. First, with MODE input high, a control word is written 
to the Control Register carrying the following information; 
DATA COMING (107) low, the desired display format data 
on 104-106, the RAM bank selected by 103 (if decoding is 
selected) and the address of the digit to be updated on data 
lines 100-102 
(See Table 5). A second write to the 
ICM7228A1B, this time with MODE input low, transfers the 
data at the 100-107inputs into the selected digit's RAM lo- 
cation. In single digit update mode, each individual digit's 
data can be specified independently for being displayed in 
Decoded or No-Decode mode. For those digits which de- 
coding scheme (Hex/Code B) is selected, only one can be 
effective at a time. Whenever a control word is written, the 
specified decoding scheme will be applied to all those digits 
which selected to be displayed in Decoded mode. 


HARRIS 


ICIl7228A/B 
• 


Input Data Lines 
Selected 


102 
101 
100 
Digit 


0 
0 
0 
DIGIT 1 


0 
0 
1 
DIGIT2 


0 
1 
0 
DIGIT 3 


0 
1 
1 
DIGIT4 


1 
0 
0 
DIGIT5 


1 
0 
1 
DIGIT6 


1 
1 
0 
DIGIT 7 


1 
1 
1 
DIGIT 8 


System Interfacing, 
ICM7228C and ICM7228D 


The 
ICM7228C/D 
devices 
are 
directly 
compatible 
with 
the architecture 
of most microprocessor 
systems. 
Their fast 
sWitching 
characteristics 
make 
it possible 
to access 
them 
as a memory 
mapped 
I/O 
device 
with no wait state 
neces- 


sary in most 
microcontroller 
systems. 
All the ICM7228C/D 


inputs, 
excluding 
HEXA/CODE 
B/SHUTDOWN, 
feature 
a 
250 
ns minimum 
setup 
and 0 ns hold time 
with 
a 200 
ns 
minimum 
WRITE 
pulse. 
Input 
logic 
levels 
are 
TIL 
and 
CMOS 
compatible. 
Figure 
9 shows 
a generic 
method 
of 
driving 
the ICM7228C/D 
from a microprocessor 
bus. To the 
microprocessor, 
the 8 bytes 
of the Display 
RAM appear 
to 
be 8 separate 
I/O 
locations. 
Loading 
the 
ICM7228C/D 
is 
quite similar to a standard 
memory 
write cycle. 
The address 
of the digit to be updated 
is placed 
on lines DAO-DA2, 
the 
data to be written 
is placed 
on lines IDO-ID3 
and ID7, then 
a low pulse 
on WRITE 
input will transfer 
the data 
in. See 
Figure 8 and SWitching 
Characteristics 
Table 
for write cycle 
timing 
parameters. 


The ICM7228C/D 
devices 
do not have any control 
regis- 
ter, and 
also 
they 
do not 
provide 
the 
No Decode 
display 
format. 
Hexadecimal 
or Code 
B character 
selection 
and 
shutdown 
mode 
are directly 
controlled 
through 
the 
three- 


DIOIT 


ADDRESS 
DAO·DAZ 


level 
input 
at 
Pin 
9, which 
is accordingly 
called 
HEXAI 
CODE 
B/SHUTDOWN. 
See Tables 
3 and 4 for input 
and 
output 
definitions 
of the ICM7228C/D 
devices. 


Compatibility with the ICM7218 Series 


The Harris ICM7228 
series devices 
are upwardly 
compati- 
ble with 
the 
ICM7218 
series. 
The 
following 
are the 
differ- 


ences 
between 
two series. 


1. The ICM7228 
versions 
A and B have two functions 
which 
are not available 
in 7218, 
the RAM bank select 
and sin- 
gle digit 
update. 
Software 
written 
for 
ICM7218A1B 
may 
not be directly 
compatible 
with 
ICM7228A1B 
operation. 


IDO-ID3 
are "don't 
cares" 
when writing 
a control 
word to 
the 
ICM7218A1B, 
while 
for 
the 
ICM7228A1B, 
IDO-ID2 
select the digit address 
for a single digit RAM update 
and 
ID3 always 
selects 
either 
bank A or bank B for Hex and 
Code B data. Considering 
the ID3 input only, the software 
is compatible 
provided 
all control 
word 
updates 
use a 
consistent 
value 
for 
ID3, either 
high or low. The 
single 
digit update 
mode 
is upwardly 
compatible, 
it is an invalid 
operation 
with the 
ICM7218A1B 
and is unlikely 
to occur 
in software 
originally 
written 
for the ICM7218A1B. 
But de- 
pending 
on 
system 
hardware 
(address 
decoding 
and 
WRITE 
pulse generation) 
the software 
might not function 
properly 
if an ICM7228A1B 
is going to be inserted 
in the 
ICM7218A1B 
socket. 
Some 
minor 
modifications 
of the 
software 
may be necessary. 


2. The ICM7228 
series has enhanced 
switching 
characteris- 


tics and is more 
than 
twice 
as fast as the 
ICM7218 
se- 
ries. 


3. The 
ICM7228 
series 
digit 
and 
segment 
drivers 
are im- 
proved 
compared 
to those 
of the 
ICM7218 
series. 
Also 
the Typical 
display 
scan rate is increased 
from 250 Hz to 
390 Hz to enhance 
display 
performance. 


4. The ICM7228 
series 
devices 
generally 
draw less current 
than 
the 
ICM7218 
series. 
In the 
shutdown 
mode. 
the 
ICM7228A1B 
devices 
draw '/,0 the current 
of the equiva- 
lent 
ICM7218 
parts. 
The 
ICM7228C/D 
devices 
draw % 
the current 
of the ICM7218 
series 
part. 
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W 
I 
C 
R 
o 
P 
R 
I/O 
o 
OR 
C 
WEWORY 
E 
WRITE PULSE 
S 
S 
o 
R 


DECODER 
EHABLE 


ADDRESS 
DECODER 


DEVICE SELECT 
!: 


WRITE PULSE 


Input Data Code 
Display Characters 


103 
102 
101 
100 
Hexadecimal 
CodeB 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
2 
2 
0 
0 
1 
1 
3 
3 
0 
1 
0 
0 
4 
4 
0 
1 
0 
1 
5 
. 


5 
0 
1 
1 
0 
6 
6 
0 
1 
1 
1 
7 
7 
1 
0 
0 
0 
8 
8 
1 
0 
0 
1 
9 
9 
1 
0 
1 
0 
A 
- 
1 
0 
1 
1 
b 
E 
1 
1 
0 
0 
C 
H 
1 
1 
0 
1 
d 
L 
1 
1 
1 
0 
E 
P 
1 
1 
1 
1 
F 
(Blank) 


Display Formats 
The ICM7228A and ICM7228B have three possible dis- 
play formats; Hexadecimal, Code B and No Decode. Table 
6 shows the character sets for the decode modes and their 
corresponding input code. 


The display formats of the ICM7228A1B are selected by 
writing data to bits 104,105 and 106of the Control Register 
(See Table 1 and 2 for input Definitions). Hexadecimal and 
Code B data is entered via 100-103 and 107 controls the 
decimal point. 
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SEGWEHTS 
DRIVE 


Data Input 
107 
106 105 104 103 102 101 100 


Controlled 
Decimal 
b 
f 
d 
Segment 
Point 
a 
c 
e 
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0086-7 
Figure 10: Digits Segment Assignments 


The No Decode mode of the ICM7228A and ICM7228B 
allows the direct segment-by-segment control of all 64 seg- 
ments driven by the device. In the No Decode mode, the 
input data directly control the outputs as shown in Table 7. 
An input high level turns on the respective segment, ex- 
cept for the decimal point, which is turned on by an input 
low level on 107. 


The No Decode mode can be used in different applica- 
tions such as bar graph or status panel driving where each 
segment controls an individual LED. 
• 
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DETAILED 
DESCRIPTIONS 
(Continued) 
g 
The 
ICM7228C 
and 
ICM7228D 
have only the 
Hexadeci- 
mal 
and 
Code 
B 
character 
sets. 
The 
HEXA/CODE 
B/ 
SHUTDOWN 
input, pin 9, requires 
a three 
level input. Pin 9 
selects 
the Hexadecimal 
format 
when pulled 
high, the Code 
B format 
when 
floating 
or driven 
to 
mid-supply, 
and 
the 
shutdown 
mode when 
pulled 
low (See Tables 
3 and 4). Ta- 


ble 6 also applies 
to the ICM7228C/D 
devices. 
Shutdown and Display Blanking 


When 
shutdown, 
the ICM7228 
enters 
a low power 
stand- 
py mode typically 
consuming 
only 1 JLA of supply current 
for 
the 
ICM7228A1B 
and 2.5 JLA for the 
ICM7228C/D. 
In this 
mode the ICM7228 
turns off the mUltiplex 
scan oscillator 
as 
well as the digit and segment 
drivers. 
However, 
input data 
can 
still be entered 
when 
in the 
shutdown 
mode. 
Data 
is 
retained 
in memory 
even with the supply 
voltage 
as low as 
2V. 


The 
ICM7228A1B 
is shutdown 
by writing 
a control 
word 
with Shutdown 
(ID4) low. The ICM7228C/D 
is put into shut- 
down 
mode 
by driving 
pin 9, HEXA/CODE 
B/SHUTDOWN, 
low. 


The ICM7228 
operating 
current 
with the display 
blanked 
is within 
100 JLA-200 
JLA for all versions. 
All versions 
of the 
ICM7228 
can be blanked 
by writing 
Hex FF to all digits and 
selecting 
Code 
B format. 
The 
ICM7228A 
and 
ICM7228B 
can 
also 
be 
blanked 
by selecting 
No 
Decode 
mode 
and 
writing 
Hex 80 to all digits (See Tables 
6 and 7). 


Common Anode Display Drivers, 
ICM7228A and ICM7228C 


The 
common 
anode 
digit 
and 
segment 
driver 
output 
schematics 
are shown 
in Figure 
11. The 
common 
anode 
digit driver output 
impedance 
is approximately 
40. 
This pro- 
vides 
a nearly 
constant 
voltage 
to the display 
digits. 
Each 
digit has a minimum 
of 200 mA drive capability. 
The N-chan- 
nel segment 
driver's 
output 
impedance 
of 500 
limits 
the 
segment 
current 
to approximately 
25 mA peak current 
per 
segment. 
Both 
the 
segment 
and digit 
outputs 
can directly 
drive the display, 
current 
limiting 
resistors 
are not required. 


Individual 
segment's 
current 
is not significantly 
affected 
by whether 
other 
segments 
are on or off. This 
is because 
the segment 
driver 
outpu1 impedance 
is much 
higher 
than 
that of the digit driver. This feature 
is important 
in bar graph 
applications 
where each bar graph element 
should 
have the 
same 
brightness, 
independent 
of the 
number 
of elements 
being turned 
on. 


Common Cathode Display Drivers, 
ICM7228B and ICM7228D 


The 
common 
cathode 
digit 
and 
segment 
driver 
output 
schematics 
are 
shown 
in Figure 
12. The 
N-channel 
digit 
drivers 
have 
an output 
impedance 
of approximately 
150. 
Each 
digit 
has a minimum 
of 50 mA drive 
capability. 
The 
segment 
drivers 
have an output 
impedance 
of approximate- 
ly 1000 
with 
typically 
10 mA peak 
current 
drive 
for each 
segment. 
The 
common 
cathode 
display 
driver 
output 
cur- 
rents 
are only y. of the common 
anode 
display 
driver 
cur- 


rents. Therefore, 
the ICM7228A 
and ICM7228C 
commn 
an- 
ode display 
drivers 
are recommended 
for those applications 
where 
high 
display 
brightness 
is desired. 
The 
ICM7228B 
and 
ICM7228D 
common 
cathode 
display 
drivers 
are suit- 
able 
for 
driving 
bubble-lensed 
monolithic 
7 segment 
dis- 
plays. They can also drive individual 
LED displays 
up to 0.3" 
in height when 
high brightness 
is not required. 
Display Multiplexing 


Each digit of the ICM7228 
is on for approximately 
320 JLs, 
with a multiplexing 
frequency 
of approximately 
390 Hz. The 
ICM7228 
display 
drivers 
provide 
interdigit 
blanking. 
This en- 
sures 
that the segment 
information 
of the previous 
digit is 
gone 
and the information 
of the next digit is stable 
before 
the 
next 
digit 
is driven 
on. This 
is necessary 
to eliminate 
display 
ghosting 
(a faint display 
of data from 
previous 
digit 
superimposed 
on the next digit). The interdigit 
blanking 
time 
is 10 
JLs typical 
with 
a guaranteed 
2 JLs minimum. 
The 
ICM7228 
turns 
off both 
the 
digit 
drivers 
and 
the 
segment 
drivers 
during 
the interdigit 
blanking 
period. 
The digit multi- 
plexing 
sequence 
is: D2, D5, D1, D7, D8, 06, D4 and D3. A 
typical 
digit's 
drive pulses 
are shown 
on Figure 
13. 


Due to the display 
multiplexing, 
the driving 
duty cycle 
for 
each digit is 12% (100 
X 'Ie). This means 
the average 
cur- 
rent for each segment 
is 'Ie of its peak current. 
This must be 
considered 
while designing 
and selecting 
the displays. 


DETAILED 
DESCRIPTIONS 
(Continued) 


Driving Larger Displays 
If very high display brightness is desired, the ICM7228 
display driver outputs can be externally buffered. Figures 14 
thru 16 show how to drive either common anode or com· 
mon cathode displays using the ICM7228 and external driv· 
er circuit for higher current displays. 
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NOTE: 
When 
SHUTDOWN 
goes 
low 
INTERDIGIT 
BLANKING 
also 
stays low. 


CD 
NN,.. 
:Ig 
Another method of increasing display currents is to con· 
nect two digit outputs together and load the same data into 
both digits. This drives the display with the same peak cur· 
rent, but the average current doubles because each digit of 
the display is on for twice as long, i.e., % duty cycle versus 
'Is. 
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NOTE: 
When 
SHUTDOWN 
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INTER 
DIGIT 
BLANKING 
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stays low. 


Segment Driver 
Figure 12: Common Cathode Display Drivers 
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Figure 14: Driving 
High Current 
Display, Common 
Anode 
ICM7228A1C 
to Common 
Anode Display 
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Cathode 
ICM7228B/D 
to Common 
Cathode 
Display 


DETAILED 
DESCRIPTIONS 
(Continued) 


Three Level Input, 
ICM7228C and ICM7228D 
As mentioned before, pin 9 is a three level input and con- 
trols three functions: Hexadecimal display decoding, Code 
B display decoding and shutdown mode. In many applica- 
tions, pin 9 will be left open or permanently wired to one 
state. When pin 9 can not be permanently left in one state, 
the circuits illustrated in Figure 17 can be used to drive this 
three level input. 
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Figure 16: Driving High Current 
Display Common Cathode ICM7228B/D 
to Common Anode Display 


Power Supply Bypassing 
Connect a minimum of 47 ",F in parallel with 0.1",F ca- 
pacitors between Voo and Vss of ICM7228. These capaci- 
tors should be placed in close proximity to the device to 
reduce the power supply ripple caused by the multiplexed 
LED display drive current pulses. 
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ICM7231-ICM7232 
Numericl Alphanumeric 
Triplexed 
LCD Display Driver 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICM7231-7232 family of integrated circuits are de- 
signed to generate the voltage levels and sWitching wave- 
forms required to drive triplexed liquid-crystal displays. 
These chips also include input buffer and digit address de- 
coding circuitry allowing six bits of input data to be decoded 
into 64 independent combinations of the output segments 
of the selected digit. 


The family is designed to interface to modern high per- 
formance microprocessors and microcomputers and ease 
system requirements for ROM space and CPU time needed 
to service a display. 


FEATURES 
• ICM7231: Drives 8 Digits of 7 Segments With Two 
Independent 
Annunciators 
Per Digit Address and 
Data Input In Parallel Format 
• ICM7232: Drives 10 Digits of 7 Segments With Two 
Independent Annunciators 
Per Digit Address and 
Data Input In Serial Format 
• All Signals Required to Drive Rows and Columns of 
Trlplexed LCD Display Are Provided 
• Display Voltage Independent of Power Supply 
• On-Chip Oscillator 
Provides All Display Timing 
• Total Power Consumption 
Typically 200/LW, 
Maximum 500/LW at 5V 
• Low-Power Shutdown Mode Retains Data With S/LW 
Typical Power Consumption 
at SV, 1/LWat 2V 
• Direct Interface to High-Speed Microprocessors 


Part 
Temperature 
Numberof 
Input 
Number 
Range 
Package 
Digits 
Format 


ICM7231 BFIPL 
-2SoC to +8SoC 
4t5' Pin Plastic DIP 
8 Digit 
Parallel 


ICM7232AFIPL 
-2SoC to +8SoC 
40 Pin Plastic DIP 
10Dign 
Serial 


ICM7232BFIPL 
-2SoC to +8SoC 
40 Pin Plastic DIP 
10Dign 
Serial 


ICM7232CRIPL 
-2SoC to +8SoC 
40 Pin Plastic DIP 
10Dign 
Serial 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
Of 
MERCHANTABIUTY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
203299-003 
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NOTE: See Figure 17 for display segment connections, 


Figure 1: ICM7231 Functional 
Diagram 
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po. 
ABSOLUTE 
MAXIMUM 
RATINGS 
Il 
() 
Supply Voltage 
(VDD - Vss) 
6.5V 
I 
InputVollage[21 
Vss-O.3sVINS6.5 
(; 
Display Voltage [2] 
-O.3sVOISps 
+0.3 
(II 
po. 
Il 
~ 


Power Dissipation[1! 
0.5W 
@ 70'C 
Operating 
Temperature 
Range 
- 25'C to + 85'C 
Storage 
Temperature 
Range 
.. . . . . . . .. 
- 65'C 
to + 150'C 
Lead Temperature 
(Soldering, 
10sec) 
300'C 
Note&: 1. This limit refers to that of the package and will not be obtained during normal operation. 
2. Due to the SeA structure inherent in these devices, connecting 
any display terminal or the display voltage terminal to a voltage outside the power supply 
to the chip may cause destructive 
device latchup. The digital inputs should never be connected 
to a voltage less than -0.3 
volts below ground. but may 
be connected 
to voltages 
above Voa but not more than 6.5 volts above Vss. 


NOTE: StrBSS8SaboV9 those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to tho device. 
These ara strBSS ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicatttd in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(V+ =5V± 
10%, VSS=OV, 
TA= 
-25'C 
to +85'C 
unless otherwise 


specified) 


Symbol 
Parameter 
Test Conditions/Description 
Mln 
Typ 
Max 
Units 


VOO 
Power Supply Voltage 
4.5 
>4 
5.5 
V 


VOO 
Data Retenlion Supply Voltage 
Guaranteed Retenlion at 2V 
2 
1.6 
V 


100 
Logic Supply Current 
Current from Voo to Ground excluding 
30 
100 
p.A 
Display. VOISP~ 2V 


Is 
Shutdown Total Current 
VOISPPin 2 Open 
1 
10 
p.A 


VOISP 
Display Voltage Range 
VSS,;VOISP';VOO 
0 
Voo 
V 


IOISP 
Display Voltage Setup 
VDlsp=2V Current from VOOto 
15 
30 
p.A 
Current 
VOISPOn-Chip 


ROlsP 
Display Voltage Setup Resistor Value 
One of Three Idenlical Resistors in String 
40 
75 
kn 


DC Component of Display Signals 
(Sample Test only) 
'I. 
1 
% (VOO- VDlSP) 


fOISP 
Display Frame Rate 
See Figure 6 
60 
90 
120 
Hz 


VIL 
Input Low Level 
ICM7231 
0.8 
V 


VIH 
Input High Level 
Pins 30-35. 37-39, 1 
2.0 
V 


IILK 
Input Leakage 
ICM7232, 
0.1 
1 
p.A 


CIN 
Input Capacitance 
Pins 1. 38, 39 (Note 1) 
5 
pF 


VOL 
Oulput Low Level 
Pin 37, ICM7232, tOL~ 1mA. 
0.4 
V 


VOH 
Output High Level 
Voo~4.5V,loH= 
-5oop.A 
4.1 
V 


Top 
Operaling Temperature Range 
Industrial Range 
-25 
+85 
°C 


AC CHARACTERISTICS 
PARALLEL INPUT (ICM7231) 


(VDD=5V± 
10% VSS=OV, 
-20'C';;TA';; 
+ 85'C) 


See Figure 14 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 
lcs 
Chip Select PulseWidth 
(Note 1) 
500 
350 
ns 


t.Js 
Address/Data Setup Time 
(Note 1) 
200 
ns 


t.Jh 
Address/Data Hold Time 
(Note 1) 
0 
-20 
ns 


tics 
Inter-Chip Select Time 
(Note 1) 
3 
p's 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


tel 
Data Clock Low Time 
(Note 1) 
350 
ns 


lei 
Data Clock High Time 
(Note 1) 
350 
ns 


t.Js 
Data Setup Time 
(Note 1) 
200 
ns 


t.Jh 
Data Hold Time 
(Note 1) 
0 
-20 
ns 


twp 
Write PulseWidth 
(Note 1) 
500 
350 
ns 


twll 
Write Pulseto Clock at Initialization 
(Note 1) 
1.5 
p's 
tool 
Data Accepted Low Output Delay 
(Note 1) 
200 
400 
ns 


tooh 
Data Accepted High Oulput Delay 
(Note 1) 
1.5 
3 
p.s 
lcws 
Write Delay Alter Last Clock 
(Note 1) 
350 
ns 


Type 
Number 
Output Code 
Annunciator 
Input 
Output 
Locations 


ICM7231BF 
CodeB 
Both Annunciators 
Parallel Entry 
8 Digits 
on BP3 
4bitData 
plus 
2 bit Annunciators 
16 Annunciators 
3 bit Address 


ICM7232AF 
Hexadecimal 
Both Annunciators 
Serial Entry 
10 Digits 


ICM7232BF 
Code B 
on BP3 
4 bit Data 
plus 


2 bit Annunciators 
20 Annunciators 


ICM7232CR 
Code B 
1 Annunciator 
BP1 
4 bit Address 
1 Annunciator 
BP3 


TERMINAL 
DEFINITIONS 
ICM7231 PARALLEL INPUT NUMERIC DISPLAY 


Pin 
Terminal 
No. 
Description 
Function 


AN1 
30 
Annunciator 
1 Control 
Bit 
High=ON 
AN2 
31 
Annunciator 
2 Control 
Bit 
Low = OFF 
See Table 3 


BOO 
32 
Least Significant 
} 
Input 
BD1 
33 
4 Bit Binary 
Data 
BD2 
34 
Data Inputs 
(See Table 
1) 
BD3 
35 
Most Significant 
HIGH = Logical 
One (1) 


AO 
37 
Least Significant 
} 
3 Bit Digit 
Input 
LOW = Logical Zero (0) 
A1 
38 
Address 
A2 
39 
Most Significant 
Address 
Inputs 
(See Table 2) 


Trailing 
(Positive 
going) edge latches 
data. 


CS 
1 
Data Input Strobe/Chip 
Select 
(Note 3) 
causes 
data input to be decoded 
and sent 
out to addressed 
digit 


Pin 
Terminal 
No. 
Description 
Function 


Data Input 
38 
Data + Address 
Shift Register 
Input 
HIGH= 
Logical One (1) 
LOW = Logical Zero (0) 


WRITE 
Input 
39 
Decode. 
Output, 
and Reset Strobe 
When DATA ACCEPTED 
Output 
is LOW. positive 
going edge of WRITE 
causes data in shift register 
to be decoded 
and sent to addressed 
digit, then 
shift register 
and control 
logic to be reset. When 
DATA ACCEPTED 
Output 
is HIGH, positive 
going 
edge of WRITE triggers 
reset only. 


Data Clock 
1 
Data Shift Register 
and Control 
Positive going edge advances 
data in shift register. 


Input 
Logic Clock 
ICM7232: 
Eleventh 
edge resets shift register 
and 
control 
logic. 


DATA 
37 
Handshake 
Output 
Output 
LOW when correct 
number 
of bits entered 
ACCEPTED 
into shift register; 
ICM7232 
8. 9 or 10 bits 
Output 


III 


U 
ru.... 
W'&;. 
.•. I""'~ 
'j.•. 
cot 
cot 
••••2g 


Pin 
Terminal 
No. 
Description 
Function 


Display 
2 
Negative end of on-chip resistor 
Display voltage control. When open (or less than 
Voltage VOISP 
string used to generate intermediate 
1V from Voo chip is shutdown; oscillator stops, all 
voltage levels for display. Shutdown Input. 
display pins to Voo. 


Common 
3.4,5 
Drive display commons, or rows. 


Line Driver 
Outputs 


Segment 
6-29 
(On ICM7231) 
Drive display segments, or columns. 


Line Driver 
6-35 
(On ICM7232) 
Outputs 


Voo 
40 
Chip Positive Supply 


Vss 
36 
Chip Negative Supply 


ICM7231 FAMILY DESCRIPTION 
The ICM7231 drives displays with 8 seven-segment digits 
with two inde~endent annunciators per digit, accepting six 
data bits and three digit address bits from parallel inputs 
controlled by a chip select input. The data bits are subdivid- 
ed into four binary code bits and two annunciator control 
bits. 


The ICM7232 drives 10 seven-segment digits with two 


. independent annunciators per digit. To write into the dis- 
play, six bits 'of data and four bits of digit address are 
clocked serially into a shift register, then decoded and writ- 
ten to the display. 
Input levels are TIL compatible, and the DATA ACCEPT- 
ED output on the serial input devices will drive one LSTIL 
load. The intermediate voltage levels necessary to drive the 
display properly are generated by an on-chip resistor string, 
and the output of a totally self-contained on-chip oscillator 
is used to generate all display timing. All devices in this 
family have been fabricated using Harris' MAXCMOS" pro- 
cess and all inputs are protected against static discharge. 


TRIPLEXED 
(1/3 
MULTIPLEXED) 
LIQUID CRYSTAL 
DISPLAYS 
Figure 5 shows the connection diagram for a typical 7- 
segment display with two annunciators such as would be 
used with an ICM7231 or ICM7232 numeric display driver. 
Figure 6 shows the voltage waveforms of the common lines 
and one segment line, chosen for this example to be the "a, 
g, d" segment line. This line intersects with BP1 to form the 
"a" segment, BP2 to form the "g" segment and BP3 to 
form the "d" segment. Figure 6 also shows the waveform of 
the "a, g, d" segment line for four different ON/OFF combi- 
nations of the "a", "g" and "d" segments. Each intersec- 
tion (segment or annunciator) acts as a capacitance from 
segment line to common line, shown schematically in Figure 
7. Figure 8 shows the voltage across the "g" segment for 
the same four combinations of ON/OFF segments used in 
Figure 6. 


The degree of polarization of the liquid crystal material 
and thus the contrast of any intersection depends on the 
RMS voltage across the intersection capacitance. Note 
from Figure 8 that the RMS OFF voltage is always Vp/3 and 
that the RMS ON voltage is always 1.92 Vp/3. 


For a 1/3 multiplexed LCD, the ratio of RMS ON to OFF 
voltages is fixed at 1.92, achieving adequate display con- 
trast with ·this ratio of applied RMS voltage makes some 
demands on the liquid crystal material used. 


Figure 9 shows the curve of contrast versus applied RMS 
voltage for a liquid crystal material tailored for Vp=3.1V, a 
typical value for %-multiplexed displays in calculators. Note 
that the RMS OFF voltage Vp/3Z 1V is just below the 
"threshold" voltage where contrast begins to increase. This 
places the RMS ON voltage at 2.1V, which provides about 
85% contrast when viewed straight on. 


All members of the ICM723111CM7232family use an in- 
ternal resistor string of three equal value resistors to gener- 
ate the voltages used to drive the display. One end of the 
string is connected on the chip to Voo and the other end 
(user input) is available at pin 2 (VOISP)on each chip. This 
allows the display voltage input (VOISP)to be optimized for 
the particular liquid crystal material used. Remember that 
Vp=VOO - 
VOISPand should be three times the threshold 
voltage of the liquid crystal material used. Also it is very 
important that pin 2 never be driven below Vss. This can 
cause device latchup and destruction of the chip. 
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Figure 5: Connection Diagrams for 
Typical 7-Segment Displays 
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0366-10 
Figure 6: Display Voltage 
Waveforms 


NOTE: 4>1>4>2,4>3- 
BP HIGH WITH RESPECT TO SEGMENT. 


4>1,,12" 4>3'- 
BP LOW WITH RESPECT TO SEGMENT. 
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Figure 8: Voltage 
Waveforms 
on 
Segment 
g(Vg) 
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Figure 10: Temperature 
Dependence 
of LC Threshold 


TEMPERATURE 
EFFECTS AND 
TEMPERATURE 
COMPENSATION 


The performance 
of the LCD material 
is affected 
by tem- 
perature 
in two ways. 
The response 
time 
of the display 
to 
changes 
of applied 
RMS voltage 
gets longer 
as the display 
temperature 
drops. At very low temperatures 
( - 20°C) some 
displays 
may take 
several 
seconds 
to change 
a new char- 


acter 
after 
the 
new 
information 
appears 
at 
the 
outputs. 


However, 
for most applications 
above 
O"C this will not be a 
problem 
with 
available 
multiplexed 
LCD materials, 
and for 


low-temperature 
applications. 
high-speed 
liquid crystal 
ma- 
terials are available. 
On high temperature, 
effect to consider 
deals 
with 
plastic 
materials 
used 
to 
make 
the 
polarizer. 


Some polarizers 
become 
soft at high temperatures 
and per- 


manently 
lose 
their 
polarizing 
ability, 
thereby 
seriously 
de- 
grading 
display 
contrast. 
Some 
displays 
also 
use 
sealing 
materials 
unsuitable 
for high temperature 
use. Thus, 
when 
specifying 
displays 
the following 
must be kept in mind: liquid 
crystal 
material, 
pOlarizer, 
and seal materials. 


A more important 
effect 
of temperature 
is the variation 
of 
threshold 
voltage. 
For typical 
liquid 
crystal 
materials 
suit- 
able for mUltiplexing, 
the 
peak 
voltage 
has a temperature 
coefficient 
of - 7 to 
-14 
mVrc. This means 
that as tem- 
perature 
rises, the threshold 
voltage 
goes down. 
Assuming 
a fixed value 
for Vp, when 
the threshold 
voltage 
drops 
be- 
low 
Vp/3 
OFF 
segments 
begin 
to 
be 
visible. 
Figure 
10 
shows 
the temperature 
dependence 
of peak voltage 
for the 
same 
liquid crystal 
material 
of Figure 
9. 


For applications 
where 
the display 
temperature 
does 
not 
vary 
widely, 
Vp may 
be set 
at a fixed 
voltage 
chosen 
to 
make the RMS OFF voltage, 
Vp/3, 
just below the threshold 
voltage 
at the highest 
temperature 
expected. 
This will pre- 
vent OFF segments 
turning 
ON at high temperature 
(this at 
the cost 
of reduced 
contrast 
for ON segments 
at low tem- 
peratures). 


For applications 
where 
the display 
temperature 
may vary 
to wider 
extremes, 
the display 
voltage 
VDISP (and thus Vp) 
may 
require 
temperature 
compensation 
to 
maintain 
suffi- 
cient 
contrast 
without 
OFF segments 
becoming 
visible. 


DISPLAY VOLTAGE AND 
TEMPERATURE 
COMPENSATION 


These 
circuits 
allow control 
of the display 
peak voltage 
by 
bringing 
the bottom 
of the voltage 
divider 
resistor 
string out 
at pin 2. The simplest 
means 
for generating 
a display 
volt- 
age suitable 
to a particular 
display 
is to connect 
a potenti- 
ometer 
from pin 2 to Vss as shown 
in Figure 
11. A potenti- 
ometer 
with a maximum 
value 
of 200 kfl 
should 
give suffi- 


cient range of adjustment 
to suit most displays. 
This method 
for generating 
display 
voltage 
should 
be used only in appli- 
cations 
where the temperature 
of the chip and display 
won't 
vary more 
than 
± soC (± 9°F), as the resistors 
on the chip 
have 
a positive 
temperature 
coefficient, 
which 
will tend 
to 
increase 
the display 
peak voltage 
with an increase 
in tem- 


perature. 
The 
display 
voltage 
also 
depends 
on the 
power 
supply 
voltage, 
leading 
to tighter 
tolerances 
for wider 
tem- 
perature 
ranges. 
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Figure 11: Simple Display 
Voltage Adjustment 


Figure 12(a) shows another method of setting up a dis- 
play voltage using five silicon diodes in series. These di- 
odes, 1N914 or equivalent, will each have a forward drop of 
approximately 
0.65V, with approximately 20p.A flowing 
through them at room temperature. Thus, 5 diodes will give 
3.25V, suitable for a 3V display using the material properties 
shown in Figures 9 and 10. For higher voltage displays, 
more diodes may be added. This circuit provides reason- 
able temperature compensation, as each diode has a nega- 
tive temperature coefficient of - 2 mVre; five in series 
gives - 10 mVre, not far from optimum for the material 
described. 


The disadvantage of the diodes in series is that only inte- 
gral multiples of the diode voltage can be achieved. The 
diode voltage multiplier circuit shown in Figure 12(b) allows 
fine-tuning the display voltage by means of the potentiome- 
ter; it likewise provides temperature compensation since the 
temperature coefficient of the transistor base-emitter junc- 
tion (about - 2 mVrC) is also mUltipled. The transistor 
should have a beta of at least 100 with a collector current of 
10 p.A. The inexpensive 2N2222 shown in the figure is a 
suitable device. 


leM 
7231- 
7232 


Figure 12(b): Transistor-Multiplier 


Figure 12: Diode-based Temperature 
Compensation 
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Figure 13: Flexible Temperature 
Compensation 
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CHIP SELECT. 
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RE"TSSH"TREGISTER~ 
AND INPUT CONTROL 
LOGIC WHEN DATA 
ACCEPTED 
HIGH 


DECODES 
AND STORES 
DATA, RESnS$HIFT 
REGISTER 
AND 
LOGIC 
WHEN DATA 
ACCEPTED 


IS LOW 


For battery 
operation, 
where 
the display 
voltage 
is gener- 


ally the 
same 
as the 
battery 
voltage 
(usually 
3-4.5V), 
the 
chip 
may 
be operated 
at the 
display 
voltage, 
with 
VOISP 
connected 
to VSS. The inputs of the chip are designed 
such 
that 
they 
may be driven 
above 
VOO without 
damaging 
the 
chip. This allows, 
for example, 
the chip and display 
to oper- 
ate at a regulated 
3V, and a microprocessor 
driving 
its in- 
puts to operate 
with a less well controlled 
5V supply. 
(The 
inputs 
should 
not 
be driven 
more 
than 
6.5V 
above 
GND 
under 
any 
circumstances.) 
This 
also 
allows 
temperature 
compensation 
with 
the 
ICL76635, 
as shown 
in Figure 
13. 


This circuit 
allows 
independent 
adjustment 
of both voltage 
and temperature 
compensation. 


DESCRIPTION 
OF OPERATION 
PARALLEL INPUT OF DATA AND ADDRESS 
(ICM7231) 


The parallel 
input 
structure 
of the ICM7231 
device 
is or- 


ganized 
to allow 
simple, 
direct 
interfacing 
to all microproc- 
essors, 
(see functional 
diagram 
Figure 
1). In the ICM7231, 


address 
and data 
bits are written 
into the input 
latches 
on 
the rising edge of the Chip Select 
input. 


DATA 
CLOCK 
INPUT 


DATA 
ACCE'TED 
OU1PlJT 
I 
I 


---I 1--•••• 
, 


--l 
I-l-.*p 
=V RESETS SHIFT REGISTER 
AND CONTROL LOGIC 
I 
WHEN DATA 
ACCE'TED 
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The 
rising 
edge 
of the 
Chip 
Select 
also 
triggers 
an on- 
chip pulse which 
enables 
the address 
decoder 
and latches 
the 
decoded 
data 
into 
the 
addressed 
digiti character 
out- 
puts. The timing 
requirementsJor 
the parallel 
input 
device 
are shown 
in Figure 
14, with the values 
for setup, 
hold, and 
pulse 
width 
times 
shown 
in the AC Characteristics 
section. 


Note 
that 
there 
is a minimum 
time 
between 
Chip 
Select 
pulses; 
this is to allow 
sufficient 
time for the on-chip 
enable 
pulse' to decay, 
and ensures 
that new data doesn't 
appear 
at the decoder 
inputs 
before 
the decoded 
data is written 
to 
the outputs. 
SERIAL 
INPUT 
OF 
DATA 
AND 
ADDRESS 
(ICM7232) 


The ICM7232 
trades 
six pins used as data'inputs 
on the 
ICM7231 
for six more 
segment 
lines, allowing 
two more 
9- 


segment 
digits. This is done at the cost of ease in interfac- 
ing, and requires 
that data and address 
information 
be en- 
tered 
serially. 
Refer to functional 
diagram, 
Figure 2 and tim- 
ing diagrams, 
Figures 
15 and 16. The interface 
consists 
of 
four 
pins: 
DATA 
Input, 
DATA 
CLOCK 
Input, 
WRITE 
Input 
and 
DATA 
ACCEPTED 
Output. 
The 
data 
present 
at the 
DATA Input is clocked 
into a shift register 
on the rising edge 
of the 
DATA 
CLOCK 
Input 
signal, 
and 
when 
the 
correct 
number 
of bits has been 
shifted 
into the shift register 
(8 in 
the ICM7232), 
the DATA ACCEPTED 
Output 
goes low. Fol- 
lowing this, a low-going 
pulse at the WRITE 
input will trigger 
the chip to decode 
the data and store it in the output 
latch- 
es 
of 
the 
addressed 
digiti character. 
After 
the 
data 
is 
latched 
at the outputs, 
the shift register 
and the control 
logic 
are reset, 
returning 
the DATA 
ACCEPTED 
Output 
high. Af- 
ter 
this 
occurs, 
a 
pulse 
at 
the 
WRITE 
input 
will 
not 


change 
the outputs, 
but will reset the control 
logic and shift 
register, 
assuring 
that each data bit will be entered 
into the 
correct 
position 
in the 
shift 
register 
depending 
on subse- 
quent 
DATA CLOCK 
inputs. 


The shift register 
and control 
logic will also be reset if too 
many 
DATA 
CLOCK 
INPUT 
edges 
are received; 
this 
pre- 


vents 
incorrect 
data from 
being 
decoded. 
In the 
ICM7232, 


the eleventh 
clock 
resets the shift register 
and control 
logic. 


The recommended 
procedure 
for entering 
data is shown 
in the 
serial 
input 
timing 
diagram, 
Figure 
15. 
First, 
when 
DATA ACCEPTED 
is high, send a WRITE 
pulse. This resets 
the shift register 
and control 
logic and initializes 
the chip for 
the data input sequence. 
Next clock 
in the appropriate 
num- 
ber of correct 
data and address 
bits. The DATA ACCEPTED 
9 


Output 
may be monitored 
if desired, 
to determine 
when 
the 
chip is ready to output 
the decoded 
data. When 
the correct 
number 
of bits has been 
entered, 
and the DATA 
ACCEPT- 
ED Output 
is low, a pulse 
at WRITE 
will cause 
the data to 
be decoded 
and stored 
in the latches 
of the addressed 
dig- 


iti character. 
The 
shift 
register 
and control 
logic 
are reset, 


causing 
DATA 
ACCEPTED 
to return 
high, and 
leaving 
the 
chip ready to accept 
data for the next digiti character. 


Note that for the ICM7232 
the eleventh 
clock 
resets 
the 
shift 
register 
and 
control 
logic, 
but the 
DATA 
ACCEPTED 
Output 
goes low after the eighth clock. 
This allows 
the user 


to abbreviate 
the data to eight bits, which 
will write the cor- 


rect character 
to the 7-segment 
display, 
but will leave "the 
annunciators 
off, as shown 
in Figure 
16. 


If only AN2 is to be turned 
on, nine bits are clocked 
in; if 
AN1 is to be turned 
on, all ten bits are used. 


C\l 
C") 
C\l 
••••:I 
The 
DATA 
ACCEPTED 
Output 
will drive 
one 
low-power 
() 
Schottky 
TTL 
input, 
and has equal 
current 
drive 
capability 
'j 
pulling 
high or low. 
.•. 


C") 
Note 
that 
in the serial 
input devices, 
it is possible 
to ad- 
C\l 
dress 
digitsl characters 
which 
don't 
exist. As shown 
in Ta- 
•••• 
bles 2 and 5, when 
an incorrect 
address 
is applied 
together 
:I 
with a WRITE 
pulse, 
none of the outputs 
will be changed. 


~ 
DISPLAY FONTS AND OUTPUT CODES 


The 
standard 
versions 
of 
the 
ICM7231 
and 
ICM7232 
chips 
are programmed 
to drive 
a 7-segment 
display 
plus 
two annunciators 
per digit. See Table 
3 for annunciator 
in- 
put controls. 


The "A" 
and "B" 
suffix chips place 
both annunciators 
on 
BP3. The 
display 
connections 
for one 
digit 
of this 
display 
are shown 
in Figure 
17. The "A" 
devices 
decode 
the input 
data 
into 
a hexadecimal 
7-segment 
output, 
while 
the 
"B" 


devices 
supply 
Code 
B outputs 
(see Table 
1). 


The "C" 
devices 
place 
the left hand annunciator 
on BP1 
and the right hand annunciator 
(usually 
a decimal 
point) 
on 
BP3. 
(See 
Figure 
18). 
The 
"C" 
devices 
provide 
only 
a 


"Code 
B" output 
for the 7-segments. 


TABLE 
1. BINARY DATA DECODING (ICM7231132) 


CODE 
DISPLAY 
INPUT 
OUTPUT 


BD 
BD 
BD 
BD 
HEX 
CODE 
3 
2 
I 
0 
B 


0 
0 
0 
0 
,-, 
.-. 
'-' 
'-' 
0 
0 
0 
I 
, 
, 
, 
, 


0 
0 
I 
0 
;:' 
I:' 
0 
0 
I 
I 
:: 
:: 


0 
I 
0 
0 
'-: 
'-: 


0 
I 
0 
I 
,- 
,- 
:' 
:' 
0 
I 
I 
0 
.- 
,- 
e- 
CI 


0 
I 
I 
I 
-, 
-, 
, 
, 


I 
0 
0 
0 
::: 
'-I-:- 
I 
0 
0 
I 
':: 
':: 
I 
0 
I 
0 
.-. 
- 
,-, 


I 
0 
I 
I 
b 
,-t: 


I 
I 
0 
0 
,- 
:-: 
,- 
I 
I 
0 
I 
c: 
,,- 
I 
I 
I 
0 
,- 
:=' 
t: 


I 
I 
I 
I 
,- 
BLANK 
,- 


Code 
Input 
Display 
Output 


ICM7232 
Digit 
Only 
A2 
Al 
AO 
A3 
Selected 


0 
0 
0 
0 
01 


0 
0 
0 
1 
02 


0 
0 
1 
0 
03 


0 
0 
1 
1 
04 


0 
1 
0 
0 
05 


0 
1 
0 
1 
06 


0 
1 
1 
0 
07 


0 
1 
1 
1 
08 


1 
0 
0 
0 
09 


1 
0 
0 
1 
010 


1 
0 
1 
0 
NONE 


1 
0 
1 
1 
NONE 


1 
1 
0 
0 
NONE 


1 
1 
0 
1 
NONE 


1 
1 
1 
0 
NONE 


1 
1 
1 
1 
NONE 
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Figure 17: ICM7231 and ICM7232 
Display Fonts ("A" and "8" Suffix Versions) 
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Figure 18: ICM7231 Display 
Fonts ("C" Suffix Versions) 


COMPATIBLE 
DISPLAYS 


Compatible 
displays 
are manufactured 
by: 


G.E. Displays 
Inc., Beechwood. 
Ohio 


(216)831-8100 
(#356E3R99HJ) 


Epson America 
Inc., Torrance 
CA 


(Model 
Numbers 
LDB72617/8). 


Seiko 
Instruments 
USA Inc., Torrance 
CA 


(Custom 
Displays) 


Crystaloid, 
Hudson, 
OH 
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Figure 23: 10MHz Frequency/Period 
Pointer with LCD Display. 
The annunciators 
show function 
and the decimal 
points 
Indicate 
the range of the current 
operation. 
The 
system 
can be efficiently 
battery 
operated. 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICM7243 is an 8-character alphanumeric display driv- 
er and controller which provides all the circuitry required to 
interface a microprocessor or digital system to a 14- or 16- 
segment display. It is primarily intended for use in micro- 
processor systems, where it minimizes hardware and soft- 
ware overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8X6 
memory, high power character and 
segment drivers, and the multiplex scan circuitry. 


Six-bit ASCII data to be displayed is written into the mem- 


ory directly from the microprocessor data bus. Data location 
depends 
upon 
the 
selection 
of 
either 
Sequential 
(MODE= 1) or Random access mode (MODE= 0). In the 
Sequential Access mode the first entry is stored in the low- 
est location and displayed in the "left-most" character posi- 
tion. Each subsequent entry is automatically stored in the 
next higher location and displayed to the immediate "right" 
of the previous entry. A DISPlay FULL signal is provided 
after 8 entries; this signal can be used for cascading devic- 
es together. A CLeaR pin is provided to clear the memory 
and reset the location counter. The Random Access mode 
allows the processor to select the memory address and dis- 
play digit for each input word. 


The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. Intercharacter blanking is pro- 
vided to avoid display ghosting. 
_. 
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•••••• •_.-.-, 
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ICM7243 
8-Character 
/-tP-Compatible 
LED Display Decoder 
Driver 


FEATURES 
.14- 
and 16-Segment Fonts With Decimal Point 
• Mask Programmable 
For Other Font-Sets Up to 64 
Characters 
• Microprocessor 
Compatible 
• Directly Drives LED Common Cathode Displays 
• Cascadable Without Additional 
Hardware 
• Standby Feature Turns Display Off; Puts Chip In Low 
Power Mode 
• Sequential Entry or Random Entry of Data Into 
Display 
• Single +5V Operation 
• Character and Segment Drivers, All MUX Scan 
Circuitry, 8x6 Static Memory and 64-Character ASCII 
Font Generator Included On-Chip 


Part 
Temperature Range 
Package 
Number 


ICM7243AIPL 
- 20·C to +85·C 
40 Pin PLASTIC 


ICM7243BIPL 
- 20·C to +85·C 
40 Pin PLASTIC 
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0368-2 
0368-1 
Common 
Cathode 
Display Driver 
Common 
Cathode 
Display Driver 
Figure 1: Pin Configurations 


HARRIS 
SEMtcONDUCTOA'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


C')•• 
(\I 
•••:.y 
Operating 
Temperature 
Range. 
. . . . . . . .. 
- 25'C to + 85'C 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- 55'C to + 125'C 
Lead Temperature 
(Soldering, 
10sec) 
300'C 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Voo - VSS) 
6V 
CHARacter 
Output 
Current 
300mA 
SEGment 
Output Current 
30mA 
Input Voltage 
(Any Terminal) 
.. (Voo+0.3V) 
to (Vss-0.3V) 
Power Dissipation 
1W 


NOTE: Stresses 
above 
those/isted 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ralings only and functional 
operation 
of the device at these or any other conditions above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 


ADDRESS 
MULTIPLEXER 
AND 


DECODER 
• 


Symbol 
Parameter 
Test Conditions 
Limits 
Units 
Min 
Typ 
Max 


Vsupp 
Supply Voltage 
(Voo-Vss) 
4.75 
5.0 
5.25 
V 


100 
Operating 
Supply Current 
Vsupp = 5.25V, 10 Segments 
ON, All 8 Characters 
180 
mA 


ISTBY 
Quiescent 
Supply Current 
Vsupp=5.25V, 
OSC/OFF 
Pin <0.5V, 
CS=Vss 
30 
250 
/LA 


VIH 
Input High Voltage 
2 
V 


VIL 
Input Low Voltage 
0.8 
V 


IIN 
Input Current 
-10 
+10 
/LA 


~ 
ICM7243 
(\I 
••• 
:2 DC ELECTRICAL 
CHARACTERISTICS 
(Voo=5V, 
VSs=OV, 
TA=25'C 
unless otherwise 
stated) 
S! 
(Continued) 


Symbol 
Parameter 
Test Conditions 
Limits 
Units 
Mln 
Typ 
Max 


ICHAR 
CHARacter 
Drive Current 
Vsupp=5V, 
VOUT=1V 
140 
190 
mA 


ICHLK 
CHARacter 
Leakage 
Current 
100 
",A 


ISEG 
SEGment 
Drive Current 
Vsupp=5V, 
VOUT=2.5V 
14 
19 
mA 


ISLK 
SEGment 
Leakage 
Current 
0.01 
10 
",A 


VOL 
DISPlay FULL Output 
Low 
IOL =1.6mA 
0.4 
V 


VOH 
DISPlay FULL Output 
High 
IIH=100",A 
2.4 
V 


Ids 
Display Scan Rate 
400 
Hz 


AC ELECTRICAL 
CHARACTERISTICS 
(Drive levels 0.4V and 2.4V, timing measured 
at 0.8V and 2.0V. 


Voo = 5V, TA = 25'C 
unless otherwise 
stated). 


Symbol 
Parameter 
T:est Conditions 
Mln 
Typ 
Max 
Units 


tWPI 
WR. CLeaR 
Pulse Width 
Low 
300 
250 


tWPH 
WR. CLeaR 
Pulse Width 
High (Note 1) 
250 


tOH 
Data Hold Time 
0 
-100 


tos 
Data Setup Time 
250 
150 
ns 
tAH 
Address 
Hold Time 
125 


tAS 
Address 
Setup Time 
40 
15 


tcs 
CS. CS Setup Time 
0 


tT 
Pulse Transition 
Time 
100 


tSEN 
SEN Setup Time 
0 
-25 


tWOF 
Display 
Full Delay 
700 
480 


Symbol 
Test 
Mln 
Typ 
Max 
Units 


CIN 
Input Capacitance 
(Note 2) 
5 
pF 


Co 
Output Capacitance 
(Note 2) 
5 
pF 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
SEGment Current va Output Voltage 
30 


20 
1j 
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Figure 3: ICM7243A 16·Segment 
Character Font with Decimal Point 
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NOTE: Segments a and d appear as 2 segments each, but both halves 
are driven together. 


Figure 4: ICM7243B 14-Segment 
Character Font with Decimal Point 


Figure 5: Segment and Character 
Drivers Output Circuit 
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Signal 
Pin 
Function 


Do -05 
10-15 
Six-Bit ASCII 
Data input pins (active 
high). 


(8 -13) 


CS,CS 
16 
Chip Select 
from /LP address 
decoder, 
etc. 


(14-16) 


WR 
17 
WRite pulse input pin (active 
low). For an active 
high write pulse, 


CS can be used, and WR can be used as CS. 


MODE 
31 
Selects 
data entry MODE. 
High selects 
Sequential 
Access 
(SA) 


mode 
where 
first entry 
is displayed 
in "leftmost" 
character 
and 


subsequent 
entries 
appear 
to the "right". 
Low selects- the Ran- 


dom Access 
(RA) mode where data is displayed 
on the charac- 


. ter addressed 
via Ao-A2 
Address 
pins. 


Ao/SEN 
30 
In RA mode it is the LSB of the character 
Address. 
In SA mode it 


is used for cascading 
devices for displays 
of more than 8 charac- 


ters (active 
high enables 
device 
controller). 


A1/CLeaR 
29 
In RA mode this is the second 
bit of the address. 
In SA mode, a 


low input will CLeaR 
the Serial Address 
Counter, 
the Data Mem- 


ory and the display. 


A2/DISPlay 
FULL 
28 
In RA mode 
this 
is the MSB of the Address. 
In SA mode, 
the 


output 
goes high after eight entries, 
indicating 
DISPlay 
FULL. 


OSC/OFF 
27 
OSCillator 
input 
pin. Adding 
capacitance 
to Voo 
will lower 
the 


internal 
oscillator 
frequency. 
An ex1ernal 
oscillator 
can 
be ap- 


plied to this pin. A low at this input sets the device 
into a (shut 


down) 
mode, 
shutting 
OFF the display 
and oscillator 
but retain- 


ing data stored 
in memory. 


SEGa -SEGm, 
D.P. 
2 -9, 32-40 
SEGment 
driver outputs. 


(2 -7), (32-40) 


CHARacter 
1 - 8 
18 -21, 
CHARacter 
driver outputs. 


23 -26 


17 


SEGMENTS FiJ-wI-FiJ-m-FiJ-F!!-F!!-F!! 


DETAILED 
DESCRIPTION 


WR, es, es. These 
pins 
are 
immediately 
functionally 
ANDed, 
so all actions 
described 
as occurring 
on an edge of 
WR, with CS and CS enabled, 
will occur 
on the equivalent 
(last) 
enabling 
or (first) 
disablil)g 
edge 
of any of these 
in- 


puts. The dela~rom 
CS pins are slightly 
(about 5ns) great- 
er than 
from 
WR 
or CS due to the 
additional 
inverter 
re- 
quired 
on the former. 


MODE. The MODE 
pin input is latched 
on the falling edge 
of WR (or its equivalent, 
see above). 
The location 
(in Data 
Memory) 
where 
incoming 
data will be placed 
is determined 
either 
from 
the 
Address 
pins 
or the 
Sequential 
Address 
Counter. 
This is controlled 
by MODE input. MODE also con- 
trols 
the 
function 
of 
Ao/SEN, 
A,/CLR, 
and 
A2/DISPlay 
FULL 
lines. 


Random 
Access 
Mode. 
When the internal 
mode latch is 
set for Random 
Access 
(RA) (MODE 
latched 
low), the Ad- 
dress 
Input on Ao, A, 
and A2 will be latched 
by the falling 


edge of WR (or its equivalent). 
Subsequent 
changes 
on the 
Address 
lines will not affect 
device 
operation. 
This 
allows 
use of a multiplexed 
G-bit bus controlling 
both address 
and 
•• 
data, with timing 
controlled 
by WR. 
~ 


Sequential 
Access 
Mode. 
If the internal 
latch 
is set for 
Sequential 
Access 
(SA), 
(MODE 
latched 
high), 
the Serial 
ENable .input or SEN will be latched 
on the falling 
edge 
of 


WR (or Its equivalent). 
The CLR input is asynchronous, 
and 
will force-clear 
the Sequential 
Address 
Counter 
to address 
000 
(CHARacter 
1), and set all Data 
Memory 
contents 
to 
100000 
(blank) 
at any time. 
The 
DISPlay 
FULL 
output 
will 
be active 
in SA mode 
to indicate 
the overflow 
status 
of the 
Sequential 
Address 
Counter. 
If this output 
is low, and SEN 
is (latched) 
high, the contents 
of the Counter 
will be used to 
establish 
the Data Memory 
location 
for the Data input. The 
Counter 
is then 
incremented 
on the 
rising 
edge 
of WR. 
If 
SEN is low, or DISPlay 
FULL 
is high, 
no action 
will occur. 


This allows 
easy "daisy-chaining" 
of display 
drivers 
for mul- 
tiple character 
displays 
in a Sequential 
Access 
mode. 


~ 
I:,,3001"~1 


INTERNAlINTERCHARACTER~~~~~~~~s-r- 
BLANKINGSIGNAL 
- 
CHAR1~r-J 


CHAR2 
~r-J 


CHAR3 
~r-J 


CHARACTERS 
CHAR4 
~r-J 


OflIVE 
SIGNAlS 
CHARS 
~r-J 


CHAR6 
~r-J 
INTERCHARACTER 
BLANKING 
~Jt- 
CHAR7 


CHARB 
~s-r- 
- 


0368-17 
Figure 9: Display Characters Multiplex Timing Diagram 


Changing Modes. Care must be exercised in any appli- 
cation involving changing from one mode to another. The 
change will occur only on a falling edge of WR (or its equiv- 
alent). When changing mode from Sequential Access to 
Random Access, note that A2/DISPlay FULL will be an 
output until WR has fallen low, and an Address drive here 
could cause a conflict. When cha~ 
from Random Ac- 
cess to sequential 
Access, 
A1/CLR should be high to 
avoid inadvertent clearing of the Data Memory and Sequen- 
tial Address Counter. DISPlay FULL will become active im- 
mediately after the rising edge of WR. 
Data Entry. The input Data is latched on the rising edge 
of WR (or its equivalent) and then stored in the Data Memo- 
ry location determined as described above. The six Data 
bits can be multiplexed with the Address information on the 
same lines in Random Access mode. Timing is controlled 
by the WR input. 


OSC/OFF. The device includes a relaxation oscillator 
with an internal capacitor and a nominal frequency of 
200kHz. By adding external capacitance to VDD at the 
OSC/OFF pin, this frequency can be reduced as far as de- 
sired. Alternatively, an external signal can be injected on 
this pin. The oscillator (or external) frequency is pre-divided 
by 64, and then further divided by 8 in the Multiplex Counter, 
to drive the CHARacter drive lines (see Figure 9). An inter- 
character blanking signal is derived from the pre-divider. An 
additional comparator on the OSC/OFF input detects a lev- 
el lower than the relaxation oscillator's range, and blanks 


DATA 
BUS 


WR.(CS) 


CHAR 


SEO 
DlSP FULL 


the display, disables the DISPlay FULL output (if active), a 
and clears the pre-divider and Mutliplex Counter. This puts 
~ 
the circuit in a low-power-dissipation mode in which all out- 
puts are effectively open circuits, except for parasitic diodes 
to the supply lines. Thus a display connected to the output 
may 
be 
driven 
by 
another 
circuit 
(including 
another 
ICM7243) without driver conflicts. 
Display Output. The output of the Multiplex Counter is 
decoded and multiplexed into the address input of the Data 
Memory, except during WR operations (in Sequential Ac- 
cess mode, with SEN high and DISPlay FULL low), when it 
scans through the display data. The address decoder also 
drives the CHARacter outputs, except during the inter-char- 
acter blanking interval (nominally about 5I-'s). Each CHAR- 
acter output lasts nominally about 300I-'S, and is repeated 
nominally every 2.5ms, I.e., at a 400Hz rate (times are 
based on internal oscillator without external capacitor). 


The 6 bits read from the Data Memory are decoded in the 
ROM to the 17 (15 for ICM7243B) segment signals, which 
drive the SEGment outputs. Both CHARacter and SEGment 
outputs are disabled during WR operations (with SEN high 
and DISPlay FULL Low for Sequential Access mode). The 
outputs may also be disabled by pulling OSC/OFF low. 
The decode pattern from 6 bits to 17 (15) segments is 
done by a ROM pattern according to the ASCII font shown. 
Custom decode patterns can be arranged, within these limi- 
tations, by consultation with the factory. 
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Figure 11: Driving Two Rows of Characters from a Serial Input. 


UART converts data stream to parallel bytes. Bit 7 of each word sets which row data will be entered Into. 
Bit 8 will blank and reset whole display if low. Each MODE pin should be tied high. ICM7243A can also be 
used, with inverter on RBR7 for one row. 


COMPONENT 
SELECTION 


Displays 
suitable 
for use with 
the 
ICM7243 
may be ob- 


tained 
from the following 
manufacturers; 
among 
others: 


Hewlett 
Packard 
Components, 
Palo Alto, California 
(415) 
857-6620 
(part 
#HDSP6508, 
HDSP6300) 


General 
Instruments 
Inc., Palo Alto, California 
(415) 493- 
0400 
(part 
#MAN2815) 


Texas 
Instruments 
Inc., 
Dallas, 
Texas 
(214) 
995-6611 
(part 
# HDSP6508) 


A.N.D., 
Burlingame, 
California 
(415) 
347-9916 
(part 


#AND370R) 


lEE 
Inc., 
Van 
Nuys, 
California 
(213) 
787-0311 
(part 
#LR3784R) 
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Figure 12: Random Access 
32-Character 
Display In a 80C48 system. 


One port line controls 
A2. other two are CS lines. 8-blt data bus drives 6 data and 2 address 
lines. MODE 
should 
be GrouNDed 
on each part. 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The 
ICM7170 
real 
time 
clock 
is a microprocessor 
bus 
compatible 
peripheral, 
fabricated 
using 
Harris' 
silicon 
gate 
CMOS 
LSI process. 
An 8-bit bidirectional 
bus is used for the 
data I/O circuitry. 
The clock 
is set or read by accessing 
the 
8 internal 
separately 
addressable 
and programmable 
coun- 
ters 
from 
1/100 
seconds 
to years. 
The counters 
are con- 
trolled 
by a pulse train divided 
down from a crystal 
oscillator 
circuit, 
and the 
frequency 
of the 
crystal 
is selectable 
with 
the on-chip 
command 
register. 
An extremely 
stable 
oscilla- 
tor frequency 
is achieved 
through 
the use of an on-chip 
reg- 
ulated 
power 
supply. 


The 
device 
access 
time 
(tace! of 
300ns 
eliminates 
the 
need for wait states 
or software 
overhead 
with most 
micro- 
processors. 
Furthermore, 
an ALE 
(Address 
Latch 
Enable) 
input 
is provided 
for interfacing 
to microprocessors 
with 
a 
multiplexed 
address/data 
bus. With 
these 
two special 
fea- 
tures, the ICM7170 
can be easily interfaced 
to any available 
microprocessor. 


The ICM7170 
generates 
two types 
of interrupts, 
periodic 
and alarm. The periodic 
interrupt 
(100Hz, 
10Hz, etc.) can be 
programmed 
by the internal 
interrupt 
control 
register 
to pro- 
vide 6 different 
output 
signals. 
The alarm interrupt 
is set by 
loading 
an on-chip 
51-bit 
RAM 
that 
activates 
an interrupt 
output 
through 
a comparator. 
The 
alarm 
interrupt 
occurs 
when 
the real time counter 
and alarm 
RAM time are equal. 


A status 
register 
is available 
to indicate 
the interrupt 
source. 


An on-chip 
Power-Down 
Detector 
eliminates 
the need for 
external 
components 
to support 
the battery 
back-up 
func- 


tion. When 
a power-down 
or power 
failure 
occurs, 
internal 


logic switches 
the on-chip 
counters 
to battery 
back-up 
oper- 


ation. 
Read/write 
functions 
become 
disabled 
and operation 


is limited to time-keeping 
and interrupt 
generation, 
resulting 


in low power 
consumption. 


Internal 
latches 
prevent 
clock 
roll-over 
during 
a read cy- 


cle. 
Counter 
data 
is latched 
on 
the 
chip 
by reading 
the 


100th-seconds 
counter 
and 
is 
held 
indefinitely 
until 
the 


counter 
is read 
again, 
assuring 
a stable 
and 
reliable 
time 
value. 


Part 
Temperature 
Package 
Number 
Range 


ICM7170lPG 
- 40·C to + 85·C 
24-Pin Plastic Dip 


ICM7170lDG 
- 40·C to + 85·C 
24-Pin Ceramic 


ICM7170lBG 
- 40·C to + 85·C 
24-Pin SOIC 


ICM7170MDG 
- 55·C to + 125·C 
24-Pin Ceramic 


ICM7170AIPG 
- 40·C to + 85·C 
24-Pin Plastic Dip 


ICM7170AIDG 
- 40·C to + 85·C 
24-Pin Ceramic 


ICM7170AIBG 
-40·Cto 
+85·C 
24-Pin SOIC 


ICM7170AMDG 
- 55·C to + 125·C 
24-Pin Ceramic 


ICM7170 
I-tP - Compatible 
Real- Time Clock 


FEATURES 


• 8-Bit 
,..p Bus Compatible 
-Multiplexed 
or Direct 
Addressing 


• Regulated 
Oscillator 
Supply 
Ensures 
Frequency 
Stability 
and 
low 
Power 


• Time 
From 
1/100 
Seconds 
to 99 Years 


• Software 
Selectable 
12/24 
Hour 
Format 


• latched 
Time 
Data 
Ensures 
No Roll-Over 
During 
Read 


• Full Calendar 
With 
Automatic 
leap 
Year 
Correction 


• On-Chip 
Battery 
Backup 
Switchover 
Circuit 


• Access 
Time 
less 
Than 
300ns 


• 4 Programmable 
Crystal 
Oscillator 
Frequencies 
over 
Industrial 
Temp 
Range 


• 3 Programmable 
Crystal 
Oscillator 
Frequencies 
over 
Military 
Temp 
Range 


• On-Chip 
Alarm 
Comparator 
and 
RAM 


• Interrupts 
from 
Alarm 
and 
6 Selectable 
Periodic 
Intervals 


• Standby 
Micro-Power 
Operation: 
1.2,..A Typical 
at 
3.0V and 
32kHz 
Crystal 


APPLICATIONS 


• Portable 
and 
Personal 
Computers 
• Data 
logging 


• Industrial 
Control 
Systems 
• Point 
Of Sale 


Plastic 
& Ceramic 
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HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
301680-008 


ABSOLUTE 
MAXIMUM 
RATINGS 
Supply Voltage 
8V 
Power Dissipation 
(Note 1) 
500mW 
Input Voltage 
(Any Terminal) 
(Note 2) 
Voo 
+0.3V 
to Vss 
-0.3V 


NOTE 1: TA ~ 25·C. 


NOTE 2: Due to the SeA structure inherent in the CMOS process, connecting 
any terminal at voltages greater than VOD or less than Vss may cause destructive 
device latchup. For this reason, it is recommended 
that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, 
and that in multiple supply systems, the supply to the ICM7170 be turned on first. 


NOTE: Stresses above those/isled 
under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These BrB stress ralings only'snd 
functional 


operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rabng conditions 
for extended periods 
may affect device reliabtlity. 


~ 
~ 
Operating 
Temperature 
- 40·C to + 85·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Lead Temperature 
(Soldering, 
10sec) 
300·C 


ELECTRICAL 
CHARACTERISTICS 
DC CHARACTERISTICS 
(TA= 
-40·C 
to + 85·C, Voo= 
+5V 
±10%, 
VSACKUP=VOO. 
Vss 
= 
OV unless 
otherwise 
specified) 
All 100 specifications 
include 
all input and output 
leakages 
(7170 
and 7170A) 


Symbol 
Parameter 
Test 
Conditions 
Specification 
Units 
Min 
Typ 
Max 


Voo 
Voo Supply 
Range 
Fosc 
= 32kHz 
1.9 
5.5 
V 
Fosc 
= 
1, 2, 4MHz 
2.6 
5.5 


Fosc 
= 32kHz 
7170 
1.2 
20.0 
ISTSY(I) 
Standby 
Current 
Pins 1-8, 
15-22 
& 24 = Voo 
).LA 


Voo 
= Vss; VSACKUP = Voo 
- 
3.0V 
For 7170A See General 
Note (5) 
7170A 
1.2 
5.0 


Fosc 
= 4MHz 


ISTSY(2) 
Standby 
Current 
Pins 1-8, 
15-22 
& 24 = Voo 
20 
150 
JA-A 


Voo 
= Vss; VSACKUP = Voo 
- 
3.0V 


100(1) 
Operating 
Supply Current 
Fosc 
= 32kHz 
0.3 
1.2 
mA 
Read/Write 
Operation 
at 100Hz 


100(2) 
Operating 
Supply Current 
Fosc 
= 32kHz 
1.0 
2.0 
mA 
Read/Write 
Operation 
at 1MHz 


•• 
ELECTRICAL 
CHARACTERISTICS 
g 
DC CHARACTERISTICS 


(TA = -40'C 
to + 85'C, 
Voo= 
+5V 
± 10%, VSACKUP=VOO, 
VSS = OV unless otherwise 
specified) 
(Continued) 
All 100 specifications 
include 
all input and output 
leakages 
(7170 and 7170A) 


Symbol 
Parameter 
Test 
Conditions 
Specification 
Units 
Mln 
Typ 
Max 


VIL 
Input low voltage 
(Except 
Osc.) 
Voo=5.0V 
0.8 
V 


VIH 
Input high voltage 
(Except 
Osc.) 
Voo=5.0V 
2.4 
V 


VOL 
Output 
low voltage 
(Except 
Osc.) 
IOL=1.6mA 
0.4 
V 


VOH 
Output 
high voltage 
except 
IOH= -400/LA 
2.4 
V 
INTERRUPT 
(Except 
Osc.) 


IlL 
Input leakage 
current 
VIN = Voo or Vss 
-10 
0.5 
+10 
/LA 


IOL(1) 
Tristate 
leakage 
current 
(Do-D7) 
Vo = Voo or Vss 
-10 
0.5 
+10 
/LA 


VSATIERY 
Backup 
Battery 
Voltage 
Fosc= 
1, 2, 4MHz 
2.6 
Voo-1.3 
V 


VSATIERY 
Backup 
Battery 
Voltage 
Fosc=32kHz 
1.9 
Voo-1.3 
V 


IOL(2) 
Leakage 
current 
INTERRUPT 
Vo=Voo 
INTSOURCE 
0.5 
10 
/LA 
connected 
to Vss 


ClIO 
CAPACITANCE 
Do-D7 
8 
pF 


CAOORESS 
CAPACITANCE 
Ao-A;. 
6 
pF 


CCONTROL 
CAP. RD, WR, CS ALE 
6 
pF 


CIN Osc. 
TotalOsc. 
Input Cap. 
3 
pF 


AC' CHARACTERISTICS 
(TA= 
-40'Cto 
+ 85'C, 
Voo= 
+5V 
±10%, 
VSACKUP=VOO, 
Do-D7 
Load 


Capacitance 
= 150pF, VIL = 0.4V, VIH = 2.8V unless otherwise 
specified) 


Symbol 
Parameter 
Mln 
Max 
I 
Units 


READ CYCLE 
TIMING 


t'd 
READ to DATA valid 
250 
ns 


taee 
ADDRESS 
valid to DATA valid 
300 
ns 


!eve 
READ cycle time 
400 
ns 


Irh 
Read high time 
150 
ns 


trx 
RD high to bus tristate 
25 
ns 


tas 
ADDRESS 
to READ set up time 
50 
ns 


ta, 
ADDRESS 
HOLD time after READ 
0 
ns 


WRITE 
CYCLE 
TIMING 


tad 
ADDRESS 
valid to WRITE 
strobe 
50 
ns 


twa 
ADDRESS 
hold time for WRITE 
0 
ns 


twl 
WRITE 
pulse width, low 
100 
ns 


tWh 
WRITE 
high time 
300 
ns 


!dw 
DATA tN to WRITE 
set up time 
100 
ns 


twd 
DATA IN hold time after WRITE 
30 
ns 


!eve 
WRITE 
cycle time 
400 
ns 


MULTIPLEXED 
MODE TIMING 


tll 
ALE Pulse Width, 
High 
50 
ns 


tal 
ADDRESS 
to ALE set up time 
30 
ns 


tla 
ADDRESS 
hold time after ALE 
30 
ns 
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Signal 
Pin' 
sOle 
Description 
Pin' 


WR 
1 
19 
Write 
input 


ALE 
2 
20 
Address 
latch 
enable 
input 


CS 
3 
21 
Chip 
selec1 input 


M-AO 
4-8 
22-2 
Address 
inputs 


OSC 
OUT 
9 
3 
Oscillator 
output 


OSCIN 
10 
4 
Oscillator 
input 


INT SOURCE 
11 
5 
Interrupt source 


INTERRUPT 
12 
6 
Interrupt 
output 


Vss(GND) 
13 
7 
Digital 
common 


VBACKUP 
14 
8 
Battery 
negative 
side 


DO-D7 
15-22 
9-16 
Data 
I/O 


Voo 
23 
17 
Positive 
digital 
supply 


RD 
24 
18 
Read 
input 


DETAILED 
DESCRIPTION 
Oscillator 


The 
ICM7170 
has 
an 
onboard 
CMOS 
Pierce 
oscillator 
with an internally 
regulated 
voltage 
supply 
for maximum 
ac- 
curacy, 
stability, 
and low power consumption. 
It operates 
at 
any 
of 
four 
popular 
crystal 
frequencies: 
32.768kHz, 


1.048576MHz, 
2.097152MHz, 
and 
4.194304MHz.· 
The 
crystal 
should 
be designed 
for the parallel 
resonant 
mode of 
oscillation. 
In addition 
to the crystal, 
2 or 3 load capacitors 
are required, 
depending 
on the circuit 
topology 
used. 


The oscillator 
output 
is divided 
down to 4000Hz 
by one of 
four divider 
ratios, 
determined 
by the two frequency 
selec- 
tion bits in the Command 
Register 
(DO and 
01 at address 
$11). This 4000Hz 
is then 
divided 
down 
to 100Hz, 
which 
is 
used as the clock 
for the counters. 


Time and calendar 
information 
is provided 
by 8 consecu- 
tive, programmable 
counters: 
100ths 
of seconds, 
seconds, 
minutes, 
hours, 
day of week, 
date, 
month, 
and 
year. 
The 
data is in binary format 
with 8 bits per digit. See Table 
4 for 
address 
information. 
Any unused 
bits are held to a logic "0" 
during 
a read and ignored 
during 
a write operation. 


·NOTE: 
4.194304MHz 
is not available over military temperature range. 


Alarm Compare RAM 


On the chip are 51 bits of Alarm 
Compare 
RAM grouped 
into words 
of different 
lengths. 
These 
are used to store the 
time, ranging 
from 
100ths 
of seconds 
to years, for compari- 
son to the 
real-time 
counters. 
Each 
counter 
has a corre- 
sponding 
RAM word. 
In the Alarm 
Mode an interrupt 
is gen- 
erated 
when the current 
time is equal to the alarm time. The 
RAM contents 
are compared 
to the counters 
on a word 
by 
word basis. If a comparison 
to a particular 
counter 
is unnec- 
essary, then the appropriate 
'M' bit in Compare 
RAM should 
be set to logic "1". 


The 'M' bit, referring 
to Mask bit, causes 
a particular 
RAM 
word to be masked 
off or ignored 
during a compare. 
Table 4 
shows 
addresses 
and Mask 
bit information. 


Periodic Interrupts 


The 
interrupt 
output 
can 
be programmed 
for 6 periodic 
signals: 
100 Hz, 10Hz, 
once 
per second, 
once 
per minute, 


once 
per hour, 
or once 
per day. 
The 
100 
Hz and 
10Hz 
interrupts 
have 
instantaneous 
errors 
of 
±2.5% 
and 


±0.15% 
respectively. 
This 
is because 
non-integer 
divider 
circuitry 
is used to generate 
these 
signals 
from 
the crystal 
frequency, 
which 
is a power of 2. The time average 
of these 
errors 
over 
a 1 second 
period, 
however, 
is zero. 
Conse- 
quently, 
the 
100 Hz or 10Hz 
interrupts 
are not suitable 
as 
an aid in tuning 
the oscillator; 
the 
1 second 
interrupt 
must 
be used instead. 


See General 
Note 
(6). 


o 
••••.. 
•••• 
The periodic 
interrupts 
can occur 
concurrently 
and in ad- 
~ 
dition 
to alarm 
interrupts. 
The 
periodic 
interrupts 
are con- 
~ 
trolled 
by bits in the interrupt 
mask register, 
and are enabled 
by setting 
the appropriate 
bit to a "1" 
as shown 
in Table 
5. 


Bits 01 through 
06 in the mask register, 
in conjunction 
with 
bits 01 through 
06 of the status 
register, 
control 
the gener- 
ation of interrupts 
according 
to Figure 
5. 


The interrupt 
status register, 
when read, indicates 
the cause 
of the interrupt 
and resets itself on the rising edge of the RO 
signal. When any of the counters 
having a corresponding 
bit 
in the 
status 
register 
increments, 
that 
bit is set to a "1" 


regardless 
of whether 
the corresponding 
bit in the interrupt 


mask register 
is set or not. 


Consequently, 
when the status 
register 
is read it will always 
indicate 
which 
counters 
have 
increments 
and 
if an alarm 
compare 
occurred, 
since 
the last time it was read. This re- 


quires some special 
software 
considerations. 
If a slow inter- 


rupt is enabled 
(i.e. hourly 
or daily), 
the 
program 
must 
al- 
ways 
check 
the 
slowest 
interrupt 
that 
has 
been 
enabled 
first, 
because 
all the 
other 
lower 
order 
bits 
in the 
status 
register 
will be set to "1" 
as well. 


Bit 07 
is the global 
interrupt 
bit, and when 
set to a "1", 


indicates 
that the 7170 did indeed 
generate 
a hardware 
in- 


terrupt. 
This is useful when 
other 
interrupting 
devices 
in ad- 


dition to the 7170 are attached 
to the system 
microproces- 
sor, and all devices 
must be polled 
to determine 
which 
one 
generated 
the interrupt. 


See General 
Note 
(6). 


COMMAND 
REGISTER 
ADDRESS 
(10001b, 
11h) WRITE-ONLY 


07 
06 
05 
04 
03 
02 
01 
00 


n/a 
n/a 
Normal/Test 
Interrupt 
Run/Stop 
12/24 
Hour 
Crystal 
Crystal 


Mode 
Enable 
Format 
Frequency 
Frequency 


05 
Test 
Bit 
04 
Interrupt 
03 
Run/Stop 
02 
24/12 
Hour 
01 
DO 
Crystal 


Enable 
Format 
Frequency 


0 
Normal 
Mode 
0 
Interrupt 
disabled 
0 
Stop 
0 
12 hour mode 
0 
0 
32.768kHz 


1 
Test Mode 
1 
Interrupt 
enable 
1 
Run 
1 
24 hour mode 
0 
1 
1.048576MHz 


1 
0 
2.097152MHz 


1 
1 
4.194304MHz 


Address 
DATA 
Value 
Function 
A4 
A3 
A2 
A1 
AO 
HEX 
07 
06 
05 
04 
03 
02 
01 
DO 


0 
0 
0 
0 
0 
00 
Counter-1 /1 00 seconds 
- 
0-99 


0 
0 
0 
0 
1 
01 
Counter-hours 
- 
- 
- 
0-23 


12 Hour Mode 
. 
- 
- 
- 
1-12 


0 
0 
0 
1 
0 
02 
Counter-minutes 
- 
- 
0-59 


0 
0 
0 
1 
1 
03 
Counter-seconds 
- 
- 
0-59 


0 
0 
1 
0 
0 
04 
Counter-month 
- 
- 
- 
- 
1-12 


0 
0 
1 
0 
1 
05 
Counter-date 
- 
- 
- 
1-31 


0 
0 
1 
1 
0 
06 
Counter-year 
- 
0-99 


0 
0 
1 
1 
1 
07 
Counter-day 
of week 
- 
- 
- 
- 
- 
0-6 


0 
1 
0 
0 
0 
08 
RAM-1 /100 
seconds 
M 
0-99 


0 
1 
0 
0 
1 
09 
RAM-hours 
- 
M 
- 
0-23 


12 hour Mode 
. 
M 
- 
- 
1-12 


0 
1 
0 
1 
0 
OA 
RAM-minutes 
M 
- 
0-59 


0 
1 
0 
1 
1 
OB 
RAM-seconds 
M 
- 
0-59 


0 
1 
1 
0 
0 
OC 
RAM-month 
M 
- 
- 
- 
1-12 


0 
1 
1 
0 
1 
OD 
RAM-date 
M 
- 
- 
1-31 


0 
1 
1 
1 
0 
OE 
RAM-year 
M 
0-99 


0 
1 
1 
1 
1 
OF 
RAM-day 
of week 
M 
- 
- 
- 
- 
0-6 


1 
0 
0 
0 
0 
10 
Interrupt 
Status 
+ 
and Mask Register 


1 
0 
0 
0 
1 
11 
Command 
register 
- 
- 


NOTES: Addresses 
10010 to 11111 ( 12h to 1Fh) are unused . 
.+' Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 


•-' 
Indicates 
unused bits. 


'.' AM/PM 
indicator bit in 12 hour format. Logic "0" indicates AM, logic "1" indicates PM. 


'M' Alarm compare 
for particular counter will be enabled 
if bit is set to logic "0", 


INTERRUPT 
MASK REGISTER 
ADDRESS 
(1OOOOb,1Oh) WRITE-ONLY 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


Not Used 
Day 
Hour 
Min. 
Sec. 
1/10 
sec. 
1/100 
sec. 
Alarm 
- 
Periodic 
Interrupt 
Mask Bits 
-+ 
Alarm/Compare 


Mask Bit 


INTERRUPT 
STATUS 
REGISTER 
ADDRESS 
(1OOOOb.10h) READ-ONLY 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


Global 
Day 
Hour 
Min. 
Sec. 
1/10 
sec. 
1/100 
sec. 
Alarm 
Interrupt 


Periodic 
Alarm 
and 
Periodic 
Interrupt 
Flags 
Compare 
- 


-+ 
Alarm 
Flag 
Flags 


Interrupt Operation 


The 
Interrupt 
Output 
N-ehannel 
MOSFET 
(Figure 
5) is 
enabled 
whenever 
both the 
Interrupt 
Enable 
bit (04 
of the 
Command 
Register) 
and a mask 
bit (00-06 
of the Interrupt 
Mask Register) 
are set. The transistor 
is turned 
ON when 
a 
Ilag bit is set that corresponds 
to one of the set mask 
bits. 


This also sets the Global 
Interrupt 
Flag Bit (07 of the Inter- 
rupt 
Status 
Register). 
It is turned 
OFF 
when 
the 
Interrupt 
Status 
Register 
is read. 
An interrupt 
can occur 
in both the 
operational 
and standby 
modes 
of operation. 


Since 
system 
power 
is usually 
applied 
between 
VDD and 
VSS,.the user can connect 
the Interrupt 
Source 
(pin #11) 
to 
Vss. 
This allows 
the 
Interrupt 
Output 
to turn on only while 
system 
power 
is applied 
and will not be pulled to Vss during 
standby 
operation. 
If interrupts 
are 
required 
only 
during 
standby 
operation, 
then the interrupt 
source 
pin should 
be 
connected 
to the battery's 
negative 
side (VSACKUP). In this 
configuration, 
for example, 
the 
interrupt 
could 
be used 
to 
turn on power 
for a cold boot. 


Power-Down Detector 


The 
ICM7170 
contains 
an on-chip 
power-down 
detector 
that eliminates 
the need for external 
components 
to support 


o,.. 


'P',.. 


the battery-backup 
switch over function, 
as shown 
in Figure 
:. 
6. Whenever 
the voltage 
from 
the Vss 
pin to the VSACKUP 
~ 
pin is less than approximately 
1.0V (the Vth of the N-chan- 
nel MOSFET), 
the data bus I/O 
buffers 
in the 7170 are au- 
tomatically 
disabled 
and the chip cannot 
be read or written 
to. This prevents 
random 
data from the microprocessor 
be- 


ing written 
to the clock 
registers 
as the power 
supply 
is go- 


ing down. 


Actual 
switchover 
to battery 
operation 
occurs 
when 
the 
voltage 
on the VSACKUP pin is within 
±50 
mV of Vss. 
This 
switchover 
uncertainty 
is due 
to the 
offset 
voltage 
of the 
CMOS comparator 
tha1 is used to sense the battery 
voltage. 


During 
battery 
backup, 
device 
operation 
is limited 
to time- 
keeping 
and interrupt 
generation 
only, thus achieving 
micro- 
power 
current 
drain. 
If an external 
battery-backup 
switch- 


over circuit is being used with the 7170, or if standby 
battery 
operation 
is not required, 
the VSACKUP pin should 
be pulled 
up to VDD through 
a 2k resistor. 


INTERRUPT 
ENABLE 
COiOlANO 
REGISTER 
BIT 04 


o 
••••.. 
•••• 
~ 
Time Synchronization 


Time 
synchronization 
is achieved 
through 
bit 03 
of the 
Command 
Register, 
which 
is used to enable 
or disable 
the 
100Hz clock 
from the counters. 
A logic "1" 
allows the coun- 


ters to function 
and a logic 
"0" 
disables 
the counters. 
To 
accurately 
set the time, a logic "0" 
should 
be written 
into 03 
and 
then 
the 
desired 
times 
entered 
into 
the 
appropriate 
counters. 
The 
clock 
is then 
started 
at the 
proper 
time 
by 
writing 
a logic "1" 
into 03 of the Command 
Register. 
Latched Data 


To 
prevent 
ambiguity 
while 
the 
processor 
is gathering 
data 
from 
the 
registers, 
the 
ICM7170 
incorporates 
data 
latches 
and a transparent 
transition 
delay circuit. 


By accessing 
the 
100ths 
of seconds 
counter 
an internal 
store 
signal 
is generated 
and data from 
all the counters 
is 
transferred 
into a 36-bit 
latch. 
A transition 
delay 
circuit 
will 
delay 
a 100Hz 
transition 
during 
a READ 
cycle. 
The 
data 
stored 
by the latches 
is then available 
for further 
process~ 
until the 
100ths 
of seconds 
counter 
is read again. 
If a RO 
signal is wider than 0.01 sec., 100Hz counts 
will be ignored. 


Control Lines 


. 
The RO, WR, and CS signals 
are active 
low inputs. 
Data 


IS placed 
on the bus from counters 
or registers 
when 
RO is 
a 10gi~0". 
Data 
is transferred 
to 
counters 
or 
registers 
when WR is a lo~ 
"0". 
RO and WR must be accompanied 
by a logical 
"0" 
CS as shown 
in Figures 
3 and 4. The 7170 
will also work 
satisfactorily 
with CS grounded. 
In this mode, 


access 
to the 7170 is controlled 
by RO and WR only. 


+ 


BAffiRY = 


With the ALE (Address 
Latch Enable) 
input, the ICM7170 
can 
be interfaced 
directly 
to 
microprocessors 
that 
use 
a 
multiplexed 
addressl 
data 
bus 
by connecting 
the 
address 
lines AO-A4 to the data 
lines 
00-04. 
To address 
the chip, 


the address 
is placed 
6n the bus and ALE is strobed. 
On the 
falling edge, the address 
and CS information 
is read into the 
address 
latch and buffer. 
RO and WR are used in the same 
way as on a non-multiplexed 
bus. If a non-multiplexed 
bus is 
used, ALE should 
be connected 
to VDD· 
Test Mode 


The test mode 
is entered 
by setting 
05 of the Command 
Register 
to a logic 
"1". 
This connects 
the 
1OOHz counter 
directly 
to the oscillator's 
output. 


Oscillator Considerations 


. Load Design: 
A new oscillator 
load configuration, 
shown 
In Flg~re 7, has been found that eliminates 
startup 
problems 
sometimes 
encountered 
with 32kHz 
tuning 
fork crystals. 


Two conditions 
must be met for best oscillator 
performance: 


the capacitive 
load must be matched 
to both the inverter 
and 
crystal to provide 
the ideal conditions 
for oscillation, 
and the 
resonant 
frequency 
of the oscillator 
must be adjustable 
to the 
desired 
frequency. 
In the original 
design 
(Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed 
to frequency 
by detuning 
the 
load circuit 
or 
stability 
was increased 
at the expense 
of absolute 
freque~cy 
accuracy. 


conditions 
to be met independEmtly. 
The two 
load capaci- 
tors, 
C1 and C2, provide 
a fixed 
load to the oscillator 
and 
crystal. 
C3 adjusts 
the frequency 
that the circuit 
resonates 
at by reducing 
the effective 
value 
of the crystal's 
motional 
capacitance, 
Co. This minute 
adjustment 
does 
not appreci- 
ably change 
the load of the overall 
system, 
therefore 
stabili- 
ty is no longer 
affected 
by tuning. 
Typical 
values 
for these 
capacitors 
are shown 
in Table 
6. C1 and C2 must always 
be 
greater 
than twice 
the crystal's 
recommended 
load capaci- 
tance 
in order for C3 to be able to trim the frequency. 
Some 
experimentation 
may be necessary 
to determine 
the 
ideal 
values 
of C1 and C2 for a particular 
crystal. 


This three capacitor 
tuning method will be more stable than 
the original 
design 
and is mandatory 
for 32 kHz tuning 
fork 
crystals: without 
it they may leap into an overtone 
mode when 
power 
is initially 
applied. 


The original 
two-capacitor 
circuit 
(Figure 8) will continue 
to 
work as well as it always 
has, and may continue 
to be used 
in applications 
where 
cost or space 
is a critical 
considera- 
tion. 
It is also easier 
to tune to frequency 
since 
one end of 
the trimmer 
capacitor 
is fixed at the AC ground 
of the circuit 
(VOO), minimizing 
the disturbance 
cause by contact 
between 
the adjustment 
tool and the trimmer 
capacitor. 
Note that in 
both configurations 
the load capacitors 
.are connected 
bet- 
ween 
the oscillator 
pins 
and VOO-do 
not use VSS as an 
AC ground. 


Table 6: Typical 
Load Capacitor 
Values 


Crystal 
Load 
Caps 
Trimmer 
Cap 


Frequency 
(C1.C2) 
(C3) 


32 kHz 
33 pF 
5-50 
pF 


1 MHz 
33 pF 
5-50 
pF 


2MHz 
25 pF 
5-50 
pF 


4MHz 
22 pF 
5-100pF 


Layout: 
Oue to the extremely 
low current 
(and therefore 
high impedance) 
design 
of the ICM7170's 
oscillator, 
special 
attention 
must be given 
to the layout 
of this section. 
Stray 
capacitance 
should 
be minimized. 
Keep the oscillator 
traces 
on a single 
layer of the PCB. Avoid 
putting 
a ground 
plane 
above 
or below 
this layer. The traces 
between 
the crystal, 


the capacitors, 
and the 7170 
OSC pins should 
be as short 
as possible. 
Completely 
surround 
the oscillator 
components 
with a thick trace of Voo to minimize 
coupling 
with any digi- 
tal signals. 
The final 
assembly 
must be free from 
contami- 


nants 
such 
as solder 
flux, 
moisture, 
or any other 
potential 
sources 
of leakage. 
A good 
solder 
mask will help keep the 
traces 
free of moisture 
and contamination 
over time. 
Oscillator Tuning 


Trimming 
the oscillator 
should 
be done 
indirectly. 
Direct 
monitoring 
of the oscillator 
frequency 
by probing 
OSC IN or 
OSC OUT 
is not accurate 
due to the capacitive 
loading 
of 
most 
probes. 
One 
way 
to accurately 
trim 
the 
7170 
is by 
turning 
on the 1 second 
periodic 
interrupt 
and trimming 
the 
oscillator 
until 
the 
interrupt 
period 
is exactly 
one 
second. 


This can be done as follows: 


1} Turn 
on the system. 
Write 
a $00 to the 
Interrupt 
Mask 
Register 
(location 
$10) to clear all interrupts. 


2} 
Set the Command 
Register 
(location 
$11) for the appro- 
priate 
crystal 
frequency, 
set 
the 
Interrupt 
Enable 
and 
Run/Stop 
bits to 1, and set the Test bit to O. 


1 second 
interrupt. 
!:! 


4) 
Write 
an interrupt 
handler 
to read 
the 
Interrupt 
Status 
Register 
after 
every 
interrupt. 
This 
resets 
the 
interrupt 
and allows 
it to be set again. A software 
loop that reads 
the Interrupt 
Status 
Register 
several 
times 
each second 
will accomplish 
this also. 


5} 
Connect 
a precision 
period 
counter 
capable 
of measur- 


ing 1 second 
within the accuracy 
desired 
to the interrupt 
output. 
If the interrupt 
is configured 
as active 
low, trigger 
on the falling 
edge. 
If the interrupt 
is active 
high, trigger 


on the 
rising 
edge. 
Be sure to measure 
the period 
be- 
tween 
when 
the transistor 
turns ON, and when 
the tran- 


sistor turns ON a second 
later. 


6} 
Adjust 
C3 (C2 for the two-capacitor 
load configuration) 
for an interrupt 
period 
of exactly 
1.000000 
seconds. 


APPLICATION 
NOTES 
Digital Input Termination During Backup 


To ensure 
low current 
drain during 
battery 
backup 
opera- 
tion, 
none 
of the 
digital 
inputs 
to the 
7170 
should 
be al- 


lowed 
to float. 
This keeps 
the input logic gates 
out of their 
transition 
region, 
and prevents 
crossover 
current 
from flow- 
ing which 
will shorten 
battery 
life. The 
address, 
data, 
CS, 


and ALE pins should 
be pulled to either Voo or Vss, and the 
RO and WR inputs 
should 
be pulled 
to Voo. 
This is neces- 


sary whether 
the internal 
battery 
switchover 
circuit 
is used 
or not. 


:>Inceme It:lM ~L;I XI' 
requires a positive Interrupt tran- 
sition, the 7170's interrupt output transistor has been con- 
figured as a source follower. As a source follower, the inter- 
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig- 
gered on the rising edge of the interrupt signal. 


t"lgure \l snows tne scnematlc ot a board tnat nas been 
designed to plug into an IBM PCIXT" or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signals 
are generated by U1, which gates the IBM's lOR and lOW 
with a device select signal from U3, which is functioning as 
an 110 block address decoder. DS1 selects the interrupt 
priority. 


U5 is used to isolate the ICM7170from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses-the 
ICM7170 can drive most TTL and CMOS 


, 
databusses directly. 


Batteries 
Crystals 


Panasonic 
Saronix 
32kHz 
NTF3238 
Rayovac 
Statek 
32kHz 
CX-1V 
Seiko 
2MHz 
GT-38 


A26 AS 


A2S A6 


A24 A7 


A23AS 


A22 A9 


A29 
A2 


A28 
A3 


A27~A4 


iOR 814 


iOW 813 


~SV 
83.829 


r<GNO 
81. 
V 
831 


07 
A2 


D6 
A3 


OS 
A4 


04 
AS 


03 
A6 


02 
A7 


01 
AS 


DO 
A9 


GENERAL 
NOTES: 


(1) TIME ACCESS 
To update 
the present 
time registers 
(Hex 00-07) 
the 
1/100 
register 
must be read first. The 7 real time coun- 
ter 
registers 
(Hours, 
Minutes, 
Seconds, 
Month, 
Date, 
Day, and Year) data are latched 
only if the 1/100 
sec- 
ond counter 
register 
is read. 
The 
1/100 
seconds 
data 
itself 
is not latched. 
The real time 
data will be held in 
the latches 
until the 1/100 
seconds 
is read again. See 
the 
data 
sheet 
section 
on LATCHED 
DATA. 
None 
of 
the RAM data is latched 
since it is static 
by nature. 


(2) REGULATED 
OSCILLATOR 
The 
oscillator's 
power 
supply 
is voltage 
regulated 
with respect 
to Vdd' In the 32 kHz mode the regulator's 
amplitude 
is ~Vtn + Vtp ('" 
1.8). In the 1, 2, and 4 MHz 
mode 
the 
regulator's 
amplitude 
is 
~Vtn + Vtn +Vtp 
( '" 2.6V). As a result, signal conditioning 
is necessary 
to 
drive the oscillator 
with an external 
signal. 
In addition, 
it 
is also necessary 
to buffer the oscillator's 
signal to drive 
other 
external 
clocks 
because 
of its reduced 
amplitude 
and offset 
voltage. 


(3) INTERNAL 
BATTERY 
BACKUP 
When the 7170 is using its own internal 
battery 
back- 
up circuitry, 
no other 
circuitry 
interfaced 
to the 
7170 
should 
be active 
during 
standby 
operation. 
When 
Vdd 
(+ 5V) 
is turned 
off 
(Standby 
operation), 
Vdd should 
equal Vss = OV. All 7170 I/O should 
also equal Vss. At 
this time, the Vbackup 
pin should 
be 2.8V to 3.5V below 
Vss 
when 
using a Lithium 
battery. 


(4) EXTERNAL 
BATTERY 
BACKUP 
The 7170 
may be placed 
on the same 
power 
supply 
as battery-backed 
up RAM 
by keeping 
the 7170 
in its 
operational 
state 
and having 
an external 
circuit 
switch 
between 
system 
and 
backup 
power 
for the 
7170 
and 
the RAM. 
In this case VSACKUP should 
be pulled 
up to 
VDD through 
a 2k resistor. 
Although 
the 7170 is always 
"on" 
in this configuration, 
its current 
consumption 
will 
typically 
be less than 
a microamp 
greater 
than 
that of 
standby 
operation 
at the 
same 
supply 
voltage. 
(See 
Note 
9.) 
Proper 
consideration 
must 
be given 
to disabling 
the 
7170's 
and the RAM's 
I/O 
before 
system 
power 
is re- 
moved. 
This 
is important 
because 
many 
microproces- 
sors 
can 
generate 
spurious 
write 
signals 
when 
their 
supply 
falls below 
their specified 
operating 
voltage 
lim- 
its. NANDing 
CS (or WR) with a POWERGOOD 
signal 
will create 
a CS (or WR) that is only valid when 
system 
power 
is within 
specifications. 
The 
POWERGOOD 
sig- 
nal should 
be generated 
by an accurate 
supply 
monitor 
such as the ICL7665 
under/over 
voltage 
detector. 


An alternate 
method 
of disabling 
the 7170's 
I/O is to 
pull VSACKUP down 
to under 
a volt above 
Vss 
(Vss < 


VSACKUP < 1.0V). This will cause the 7170 to internally 
disable 
all I/O. 
Do not 
allow 
VSACKUP to equal 
Vss, 


since this could 
cause 
oscillation 
of the battery 
backup 
comparator 
(See 
Figure 
6). VSACKUP = Vss + 0.5V 
will 
disable 
the 
I/O 
and 
provide 
enough 
overdrive 
for 
the comparator. 


(5) 7170A 
PART 
The 
7170A 
part 
is binned 
at final 
test 
for a 32.768 
kHz maximum 
current 
of 5 ".A. All other 
specifications 
remain 
the same. 
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(6) INTERRUPTS 
:I 
The 
Interrupt 
Status 
Register 
(address 
$10) 
always 
~ 
indicates 
which 
of the real time counters 
have been in- 
cremented 
since 
the 
last 
time 
the 
register 
was 
read. 


NOTE: This is independent 
of whether 
or not any mask 
bits are set. 


The status 
register 
is always reset immediately 
after it 
is read. If an interrupt 
from the 7170 has occurred 
since 
the last time the status 
register 
was read, bit D7 of the 
register 
will be set. If the source 
was an alarm interrupt, 


bit DO will 
also 
be set. 
If the 
interrupt 
transistor 
has 
been 
turned 
on, reading 
the 
Interrupt 
Status 
Register 
will reset 
it. 


To enable 
the periodic 
interrupt, 
both the Command 
Register's 
Interrupt 
Enable 
bit (D4) and at least one bit 
in the Interrupt 
Mask Register 
(D1-D6) 
must be set to a 
1. The periodic 
interrupt 
is triggered 
when 
the counter 
corresponding 
to a mask bit that has been set is incre- 
mented. 
For example, 
if you enable 
the 1 second 
inter- 
rupt when the current 
value in the 100ths 
counter 
is 57, 
the first interrupt 
will occur 
0.43 seconds 
later. All sub- 


sequent 
interrupts 
will be exactly 
one second 
apart. The 
interrupt 
service 
routine 
should 
then 
read the 
Interrupt 
Status 
Register 
to reset 
the interrupt 
transistor 
and, 
if 
necessary, 
determine 
the cause of the interrupt 
(period- 
ic, alarm, 
or non-7170 
generated) 
from 
the contents 
of 
the status 
register. 
To enable 
the 
alarm 
interrupts, 
both 
the 
Command 
Register's 
Interrupt 
Enable 
bit (D4) 
and 
the 
Interrupt 
Mask Register's 
Alarm 
bit (DO) must be set to a 1. Each 
time there 
is an exact 
match 
between 
the values 
in the 
alarm register 
and the values 
in the real time counters, 


bits DO and D7 of the Interrupt 
Status 
Register 
will be 
set to a 1 and the N-channel 
interrupt 
transistor 
will be 
turned 
on. As with a periodic 
interrupt, 
the service 
rou- 
tine 
should 
then 
read the 
Interrupt 
Status 
Register 
to 
reset 
the 
interrupt 
transistor 
and, 
since 
periodic 
and 
alarm interrupts 
may be simultaneously 
enabled, 
deter- 
mine the cause 
of the interrupt 
if necessary. 
Mask 
bits: 
The 
7170 
alarm 
interrupt 
compares 
the 
data in the alarm registers 
with the data in the real time 
registers, 
ignoring 
any registers 
with 
the 
mask 
bit set. 


For example, 
if the 
alarm 
register 
is set 
to 
11-23-95 
(Month-Day-Year), 
10:59:00:00 
(Hour-Minutes-Sec- 
onds-Hundredths), 
and DAY = XX (XX = masked 
off), 


the 
alarm 
will 
generate 
a single 
interrupt 
at 10:59 
on 
November 
23, 1995. 
If the alarm 
register 
is set to 11- 


XX-95, 
10:XX:00:00, 
and DAY = 2 (2 = Tuesday); 
the 
alarm 
will 
generate 
one 
interrupt 
every 
minute 
from 
10:00-10:59 
on every Tuesday 
in November, 
1995. 


NOTE: 
Masking off the 100ths of a second counter has the same effect as 
setting it to 00. 


(7) RESISTOR 
IN SERIES 
WITH 
BATTERY 
A 2k resistor 
(R2) must be placed 
in series 
with the 
battery 
backup 
pin of the 
7170. 
The 
UL 
laboratories 
have 
requested 
the 
resistor 
to limit the 
charging 
and 
discharging 
current 
to 
the 
battery. 
The 
resistor 
also 
serves 
the purpose 
of degenerating 
parasitic 
SCR ac- 
tion. This SCR action 
may occur if an input is applied 
to 
the 7170, outside 
of its supply voltage 
range, 
while 
it is 
in the standby 
mode. 
• 
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GENERAL NOTES: 
(Continued) 


(8) VSACKUP DIODE 
Lithium batteries may explode if charged or if dis- 
charged at too high a rate. These conditions could oc- 
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 Mil or so 
should parallel the diode to keep the VSACKUP terminal 
from drifting toward the Vss terminal and shutting off 
7170 I/O during normal operation. 


(9) SUPPLY CURRENT 
7170 supply current is predominantly a function of 
oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera- 
tional mode approaches that of the backup mode. 


ICM7207/A 


ICM7208 


ICM7209 


ICM7213 


ICM7216A/B/D 


ICM7217 


ICM7224 


ICM7226A/B 


ICM7249 


CMOS 
Timebase 
Generator 
. 


7-Digit 
LED Display 
Counter 
. 


Timebase 
Generator 
..............................•..........•..... 


One Second/One 
Minute 
Timebase 
Generator 
. 


8-Digit 
Multi-Function 
Frequency 
Counter/Timer 
. 


4-Digit 
LED Display 
Programmable 
Up/Down 
Counter 
. 


4V2-Digit 
LCD Display 
Counter 
. 


8-Digit 
Multi-Function 
Frequency 
Counter/Timer 
. 


5V2-Digit LCD wPower 
Event/Hour 
Meter 
. 


11-2 


11-8 


11-15 


11-18 


11-23 


11-42 


11-59 


11-67 


11-82 
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GENERAL 
DESCRIPTION 
~ 
The 
ICM7207/ 
A consist 
of a high stability 
oscillator 
and 
frequency 
divider providing 
4 control 
outputs 
suitable 
for fre- 
quency 
counter 
timebases. 
Specifically, 
when used as a fre- 
quency 
counter 
timebase 
in conjunction 
with the ICM7208, 


ICM7224 
or ICM7225 
display 
counters, 
the four outputs 
pro- 
vide the gating 
signals 
for the count window, 
store function, 


reset 
function 
and mUltiplex 
frequency 
reference. 
Addition- 
ally, the duration 
of the count window 
may be changed 
by a 
factor 
of 10 to provide 
a 2 decade 
range 
counting 
system. 


The 
normal 
operating 
voltage 
of 
the 
ICM7207/ 
A is 5 
volts. 
The typical 
power 
dissipation 
is less than 2mW when 
using 
an oscillator 
frequency 
of 6.5536MHz 
with the 7207 
and 5.24288MHz 
with the 7207A. 


Order 
Temperature 
Package 
Number 
Range 


ICM7207IPD 
- 25"C to + 85"C 
14-Pin PLASTIC 
DIP 


ICM7207AIPD 
- 25"C to + 85"C 
14-Pin PLASTIC 
DIP 


FEATURES 


• Stable 
HF Oscillator 


• Low 
Power 
Dissipation,;;2mW 
With 
5 Volt 
Supply 


• Counter 
Chain 
Has Outputs 
at 
-i- 212 and 
-i- 2" or 


-i-(2"X 
10); n= 
17 for 
7207, and 
20 for 
7207A 


• Low 
Impedance 
Output 
Drivers,;; 
100 Ohms 


• Count 
Windows 
of 
10/100ms 
(7207 
With 
6.5536MHz 
Crystal) 
or 0.1/1 
Sec. (7207A 
With 
5.24288MHz 
Crystal) 


APPLICATIONS 


• System 
Timebases 


• Oscilloscope 
Calibration 
Generators 


• Marker 
Generator 
Strobes 


• Frequency 
Counter 
Controllers 


Hie 
RST 


$TO 


Hie 
MUXOUT 


Vss 
RANGE 
CONTROL 


OSCOUT 
Voo 


OSC'H 


HIC 
HIC 


Figure 
1: Pin Configuration 
(Outline 
dwg 
PO) 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE 
WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
202200-004 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Voo - Vss) 
6.0V 


Input Voltages 
Vss-0.3V 
to Voo+0.3V 
Output 
Voltages: 
7207 
VSS to + 6V 
7207A 
Vooto 
Vss 


c 
....• 
•••o 
C"I 
••• 
Output 
Currents 
25mA 
:I 
Power Dissipation 
@ 25'C 
Note 1 
200mW 
g 
Operating 
Temperature 
Range 
- 25'C to + 85'C 
Storage 
Temperature 
Range 
. . . . . .. 
- 65'C to + 125'C 
Lead Temperature 
(Soldering, 
10sec) 
300'C 


NOTE 1: Derate by 2mW /'C 
above 25'C. 


Absolute 
maximum 
ratings refer to values which 
if exceeded 
may permanently 
change 
or destroy the device. 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ralings only and functional 
operation 
of the device at these or any other conditions above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 


ELECTRICAL 
CHARACTERISTICS 


fose = 6.5536MHz(7207), 
5.24288MHz(7207 
A), VOO= 5V, TA = 25'C, 
VSS = OV, test circuit unless otherwise 
specified. 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


Voo 
Operating 
Voltage 
Range 
- 20'C to + 85'C 
4 
5.5 
V 


100 
Supply Current 
All outputs 
open circuit 
260 
1000 
",A 


Rds(on) 
Output 
Low Resistances 
Output 
current = 5mA sink 
50 
120 
fl 
All outputs 


'OlK 
Output 
Leakage 
Currents 
All outputs 
(STORE only) 
50 
",A 


ROUT 
Output 
High Resistance 
Output current = 50 ",A source, 
7207A 
33K 
fl 
Terminals 
12,13,14 
only 


Ipd 
Input Pulldown 
Current 
Terminal 
11 connected 
to Voo 
50 
200 
",A 


Input Noise Immunity 
25 
% supply voltage 


fose 
Oscillator 
Frequency 
Range 
Note 2 
2 
10 
MHz 


fSTAS 
Oscillator 
Stability 
CIN=COUT=22pF 
0.2 
1.0 
ppmlV 


Oscillator 
Feedback 
Quartz crystal open circuit 
Mfl 
rOSe 
Resistance 
Note 3 
3 


NOTES: 
2. Dynamic 
dividers are used in the initial stages of the divider chain. These 
dividers have a lower frequency 
of operation 
determined 
by transistor 
sizes, 


threshold 
voltages 
and leakage 
currents. 


3. The feedback 
resistor has a non-linear 
value determined 
by the oscillator 
instantaneous 
input and output voltage 
voltages 
and the supply voltage. 


a 


TRANSWISSION 
GATE 


~ 


N/OUT 
CONTROL 


OUT/IN 


CONTROL = t 
GATE OPEN 
CONTROL = 0 GATE CLOSED 


QlYSTAL PAllAlllETERI 
C. • CouT • 22pF 
ICII7207 
t·1.563IMH, 
R.-400 
Ct-15,.., 
Co-1lpf 


ICII7207A 


f·U~ 
••• < 7l5ll 
Co· •••• 
""-'- 
e,. - ••••• 
1. 


f 


SWITCHES 
S,. S2. 50. S. OPEN CIRCUIT FOR SUPPLY CURRENT 
MEASUREMENT. 


SWITCH S5 OPEN CIRCUIT FOR SLOW GATING PERIOD. 


t SWITCHES 
S2. 50. S. and 50k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207A. 


Figure 3: Test Circuit 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 


SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR 
FREQUENCY 


300 


~200 
I 
~ 
.. 
~ 
~ '50 
cc 
::>u 
.00 
.. 
t 
50 
a 
III 
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(Continued) 


OSCILLATOR 
STABILITY AS A 
FUNCTION OF SUPPLY VOLTAGE 
SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
800 


1+0·0 
I 


~ 
0.0 
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OUTPUT TIMING 
WAVEFORMS 
7207 (7207A) 
Crystal Frequency = 6.5536(5.24288)MHz 
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~ 
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DETAILED 
DESCRIPTION 


Referring 
to the 
Test 
Circuit, 
Figure 
3, and 
waveforms, 
Figure 4, the crystal 
oscillator 
frequency 
is divided 
by 212 to 
provide 
both the multiplex 
frequency 
and generate 
the out- 
put pulse 
widths. 
The 
GATING 
OUTPUT 
provides 
a 50% 
duty cycle 
signal 
whose 
period 
depends 
upon whether 
the 
RANGE 
CONTROL 
terminal 
is connected 
to VDD _or Vss 
(open 
circuit). 


OUTPUTS CONSIDERATIONS 


In the 
ICM7207 
version 
all the outputs 
(MUltipleX, 
GAT- 
ING OUT, STOre 
and ReSeT) 
are open drain and need pull 
up resistors 
as shown 
in Figure 3. 


In the 
ICM7207A 
version 
the 
MUltipleX, 
GATING 
OUT 
and 
ReSeT 
outputs 
provide 
both 
active 
pull 
up and 
pull 
down, 
eliminating 
the 
need 
for 
3 
external 
resistors, 
al- 


though, 
buffering 
is required 
if interfacing 
with 
TIL 
logic 
family. 
See the electrical 
characteristics 
for outputs 
source 
and sink resistances. 
The STOre output 
is still open drain in 
7207 A version. 
OSCILLATOR 
CONSIDERATIONS 


The oscillator 
consists 
of a CMOS 
inverter 
with a non-lin- 
ear resistor 
connected 
between 
the input and output 
termi- 
nals to provide 
biasing. 
Oscillator 
stabilities 
of approximate- 
ly 0.1 ppm per 0.1 volt 
change 
are achievable 
at a supply 
voltage 
of 5 volts, using low cost crystals. 
The crystal 
speci- 


fications 
are shown 
in the TEST 
CIRCUIT. 


It is recommended 
that the crystal 
load capacitance 
(CLl 
be no greater 
than 
15pF for a crystal 
having 
a series 
resist- 
ance equal to or less than 750, 
otherwise 
the output 
ampli- 
tude 
of the 
oscillator 
may be too 
low to drive 
the 
divider 
reliably. 


If a very high quality oscillator 
is desired, 
it is recommend- 
ed that a quartz 
crystal 
be used having 
a tight tuning 
toler- 
ance 
± 10ppm, 
a low series 
resistance 
(less than 
250), 
a 
low motional 
capacitance 
of 5fF and a load capacitance 
of 
15pF. The fixed capacitor 
CIN should 
be 39pF and the oscil- 
lator tuning 
capacitor 
should 
range 
between 
approximately 
8 and 60pF. 


Use of a high quality 
crystal 
will result in typical 
oscillator 
stabilities 
of 0.05ppm 
per 0.1 volt change 
of supply voltage. 


FREQUENCY 
LIMITATIONS 


The ICM7207 IA uses dynamic 
frequency 
counters 
in the 
initial divider 
sections. 
Dynamic 
frequency 
counters 
are fast- 
er and consume 
less power 
than 
static 
dividers 
but suffer 
from 
the 
disadvantage 
that 
there 
is a minimum 
operating 
frequency 
at a given 
supply voltage. 


5 


SUPPLY 
4 
VOLTAGE 3 
WINDOW 
2 


For example, 
if instead 
of 6.5MHz, 
a 1MHz oscillator 
is 
required, 
it is recommended 
that the supply 
voltage 
be re- 
duced 
to between 
2 and 2.5 volts. 
This may be realized 
by 


c 
...... 
•••o 
using a series 
resistor 
in series 
with the 5V positive 
supply 
~ 
line plus a decoupling 
capacitor. 
The quartz crystal 
parame- 
:2 
ters, 
etc., 
will determine 
the value 
of this 
resistor. 
NOTE: 
!:! 
Except 
for the 
output 
open 
drain 
n-channel 
transistors 
no 
other terminal 
is permitted 
to exceed 
the supply voltage 
lim- 
its. 


APPLICATION 
A PRACTICAL 
FREQUENCY 
COUNTER 


A complete 
frequency 
counter 
using 
the 
ICM7207 IA to- 
gether 
with the ICM7208 
Frequency 
Counter 
is described 
in 
the 
ICM7208 
data 
sheet. 
Other 
frequency 
counters 
using 
the ICM7207 IA can be constructed 
using the ICM7224 
and 
ICM7225, 
for LCD and 
LED displays. 
The 
latter 
are avail- 


able as EV/Kits 
also. 


QUARTZ CRYSTAL 
MANUFACTURERS 


The following 
list of possible 
suppliers 
is intended 
to be of 
assistance 
in putting 
a design 
into production. 
It should 
not 
be 
interpreted 
as a comprehensive 
list 
of 
suppliers, 
nor 
does it constitute 
an endorsement 
by Harris. 


a) 
CTS Knights, 
Sandwich, 
Illinois, 
(815) 786-8411 


b) 
Motorola 
Inc., Franklin 
Park, Illinois 
(708) 451-1000 


c) 
Sentry 
Manufacturing 
Co., Chickasaw, 
Oklahoma 
(405) 224-6780 


d) 
Tyco 
Filters 
Division, 
Phoenix, 
Arizona 
(602) 
272- 
7945 


e) 
M-Tron 
Inds., 
Yankton, 
South 
Dakota 
(605) 
665- 
9321 


f) 
Saronix, 
Palo Alto, California 
(415) 856-6900 
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GENERAL 
DESCRIPTION 


HARRIS 
SEMICONDUCTOR 


The ICM7208 is a fully integrated seven decade counter- 
decoder-driver. 


Specifically the ICM7208 provides the following on chip 
functions: a 7 decade counter, multiplexer, 7 segment de- 
coder, digit & segment driver, plus additional logic for dis- 
play blanking, reset, input inhibit, and display on/off. 
For unit counter applications the only additional compo- 
nents are a 7 digit common cathode display, 3 resistors and 
a capacitor to generate the multiplex frequency reference, 
and the control switches. 
The ICM7208 is intended to operate over a supply volt- 
age of 2 to 6 volts as a medium speed counter, or over a 
more restricted voltage range for high frequency applica- 
tions. 
As a frequency counter it is recommended that the 
ICM7208 be used in conjunction with the ICM7207 Oscilla- 
tor Controller, which provides a stable HF oscillator, and 
output signals for enable, store and reset. 


ICM7208 
7- Digit LED Display Counter 


FEATURES 
• Low Operating Power Dissipation < 10mW 
• Low Quiescent Power Dlsslpatlon<5mW 
• Counts and Displays 7 Decades 
• Wide Operating Supply Voltage Range 2V:S:Voo:S:6V 
• Drives Directly 7 Decade Multiplexed Common 
Cathode LED Display 
• Internal Store Capability 
• Internal Inhibit for Counter Input 
• Test Speedup Point 


Part Number 
Temperature 
Package 
Range 


ICM7208IPI 
- 25°C to +85°C 
28 Lead Plastic DIP 


IlISPUY 
0lABlE 
0349-1 
Figure 1: Functional 
Diagram 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Note 2) (Voo-Vss) 
6V 
Input Voltage 
Range 
(any input terminal) 
(Note2) 
Vss-0.3VtoVoo+0.3V 
Output 
Digit Drive Current 
(Note 3) 
150mA 
Output 
Segment 
Drive Current 
30mA 
Power Dissipation 
(Note 1) 
1W 
Operating 
Temperature 
Range 
- 25·C to + 85·C 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- 65·C to + 150·C 
Lead Temperature 
(Soldering. 
1Osee) 
300·C 


NOTE: 
StreSS8s above 
lhose 
lislad 
under 
"Absolule 
Maximum 
Ratings" 


may cause permanent 
damage 
to the device. 
These 
BrB stress ratings only 
and functional operation of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
fating conditions 
for extended 
peri- 
ods may affect 
device 
reliability. 


ICM7208 
CO0 
(II 
••••2 


Voo 
SEG. 
~ 


SEG d 
TEST 2 


SEG. 
SEG f 


Vss 
D. 


06 
03 


05 
TEST 1 


TEST 3 
~ 


N.C. 
0, 


DISPLAY ENABLE 
OSC 2 
~ 
OSC 1 


STORE 
SEG 9 


COUNTER INPUT 
SEG b 


COUNT ENABLE 
OSC 3 


RESET 
SEG c 


Figure 2: Pin Configuration 
(Outline Drawing PI) 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Unit 


101 
Quiescent 
Current 
All controls 
plus terminal 
19 connected 
to 
30 
300 
Voo No multiplex 
oscillator 


102 
Quiescent 
Current 
All control 
inputs plus terminal 
19 connected 
70 
350 
to Voo except 
STORE which 
is connected 


toVss 
I'-A 


1001 
Operating 
Supply Current 
All inputs connected 
to Voo. RC multiplexer 
210 
500 
osc operating 
fin < 25kHz 


1002 
Operating 
Supply Current 
fin=2MHz 
700 


VSUPPLY 
Supply Voltage 
Range 
fin:S:2MHz 
3.5 
5.5 
V 


RolG 
Digit Driver On Resistance 
4 
12 
0 


10iG 
Digit Driver Leakage 
Current 
500 
I'-A 


rSEG 
Segment 
Driver On Resistance 
40 
0 


ISLK 
Segment 
Driver Leakage 
Current 
500 
I'-A 


Rp 
Pullup Resistance 
of RESET 
100 
400 
or STORE 
Inputs 
kO 
RIN 
COUNTER 
INPUT Resistance 
Terminal 
12 either atVoo 
orVSS 
100 


VHIN 
COUNTER 
INPUT Hysteresis 
25 
50 
mV 
Voltage 


NOTES: 
1. This value of power dissipation refers to that of the package 
and will not be obtained 
under normal operating conditions. 


2. The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with a single power supply system. If a 


multiple power supply system is used. it is mandatory 
that the supply for the ICM7208 
is switched on before the other supplies otherwise 
the device 


may be permanently 
damaged. 


3. The output digit drive current must be limited to 150mA or less under steady state conditions. (Short term transients up to 250mA 
will not damage 
the 


device.) 
Therefore. 
depending 
upon the LED display and the supply voltage 
to be used it may be necessary 
to include additional 
segment 
series 


resistors to limit the digit currents. 
• 
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fUNCTION I 


GENERATOR I 
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DISPLAY 


ENABLE 


Voo0-0 


STORE 


COUNTER 
INPUT 


COUNT 
ENABLE 


RESET 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 


MAXIMUM 
COUNTER INPUT FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 


1. 


2 


3 


4 


5 


6 
ICM7208 


7 


8 


9 


10 


11 


12 


13 


14 


28 J 


27 


26 
- 


25 


24 


23 


22 


21 


20 


19 


18 
17- 


16 
15- 


DISPLAY 
MULTIPLEX 


RC OSCILLATOR 
(APPROX. 
1.5 kHz) 


SEGMENT OUTPUT CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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0349-4 
0349-5 


DETAILED 
DESCRIPTION 
Test Inputs 


The ICM7208 
is provided 
with three 
input terminals 
7, 23, 


27 which 
may be used to accelerate 
testing. 
The least two 
significant 
decade 
counters 
may be tested 
by applying 
an 
input to the 'COUNTER 
INPUT' 
terminal 
12. 'TEST 
POINT' 


terminal 
23 provides 
an input 
which 
bypasses 
the 
2 least 
significant 
decade 
counters 
and 
permits 
an injection 
of a 
signal 
into 
the 
third 
decade 
counter. 
Terminals 
7 and 
27 
permit 
rapid 
counter 
advancing 
at 
two 
points 
along 
the 
string of decade 
counters. 
These 
test inputs 
must be tied to 
Voo 
for normal 
operation 
of the device. 


Input 
Terminal 
Voltage 
Function 


DISPLAY 
9 
Voo 
Display On 


ENABLE 
Vss 
Display Off 


STORE 
11 
Voo 
Counter 
Information 


Latched 


Vss 
Counter 
Information 


Transferring 


COUNT 
13 
Voo 
Input to Counter 


ENABLE 
Blocked 


VSS 
Normal 
Operation 


RESET 
14 
Voo 
Normal Operation 


Vss 
Counters 
Reset 


COUNTER 
INPUT 


The internal 
counters 
of the ICM7208 
index on the nega- 
tive edge of the input signal at terminal 
# 12. 


600 


500 
~ 
400 
..zi 
300 
::>u 
>- 
E 
200 
::> 
co 


100 


Tlll~.~ 


./ 
UllHz 
RC MUX osc 


IIII 
I 
1111 
1.~1.!IEX~EJ.l.!r 
./ 
MUX INPUT'i"Tii 
II 
I 
III 
o 
0.001 
0.01 
0.1 
1.0 
10 
COUNTER 
INPUT FREQUENCY "N (MHz) 


The noise 
immunity 
of the COUNTER 
INPUT Terminal 
is 
approximately 
% the supply 
voltage. 
Consequently, 
the in- 


put signal 
should 
be at least 
50% 
of the supply 
in peak to 
peak amplitude 
and preferably 
equal to the supply. 


The 
optimum 
input 
signal 
is a 50% 
duty 
cycle 
square 
wave equal in amplitude 
to the supply. 
However, 
as long as 
the rate of change 
of voltage 
is not.less 
than approximately 
10-4 
V/,..s, 
at 50% 
of the power 
supply 
voltage, 
the input 
waveshape 
can be sinusoidal, 
triangular, 
etc. 


When 
driving 
the input of the ICM7208 
from 
TTL, a 1k - 
5kfi 
pull-up 
resistor 
to the' positive 
supply 
must be used to 
increase 
peak to peak input signal amplitude. 
Display Considerations 


Any common 
cathode 
multiplexable 
LED display 
may be 
used. 
However, 
if 
the 
peak 
digit 
current 
could 
exceed 
150mA 
for any prolonged 
time, 
it is recommended 
that 
re- 


sistors 
be included 
in series 
with 
the 
segment 
outputs 
to 
limit digit current 
to 150mA. 


The 
ICM7208 
is specified 
with 
500,..A 
of 
possible 
digit 
leakage 
current. 
With certain 
new LED displays 
that are ex- 


tremely 
efficient 
at low currents, 
it may be necessary 
to in- 


clude 
resistors 
between 
the cathode 
outputs 
and the posi- 


tive supply 
to bleed off this leakage 
current. 


Display Multiplex Rate 


The ICM7208 
has approximately 
0.5,..s overlap 
between 
• 
display 
drive signals. 
Therefore, 
if the multiplex 
rate is very 
fast, digit ghosting 
will occur. 
The ghosting 
determines 
the 
upper limit for the multiplex 
frequency. 
At very low mUltiplex 
rates flicker 
becomes 
visible. 
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It is recommended 
that the display 
multiplex 
rate be with- 
in the range of 50Hz to 200Hz, which 
corresponds 
to 400Hz 


to 1600Hz for the multiplex 
frequency 
input. For stand alone 
systems, 
two 
inverters 
are provided 
so that 
a simple 
but 
stable 
RC oscillator 
may be built using only 2 resistors 
and a 
capacitor. 


The multiplex 
oscillator 
is eight 
times 
the multiplex 
rate. 


The frequency 
is given 
using the following 
formulii: 


1 
f=--- 
2.2RxCx 


Rs should 
always 
be ,;;1M!l 
and Rs = kRx where 
k is in the 


range 
2-10 (See Figure 
3). 


An ex1ernal generator 
may be used to provide 
the multi- 
plex frequency 
input. This signal, applied 
to terminal 
19 (ter- 
minals 
16 and 
20 open 
circuit), 
should 
be approximately 
equal 
to the supply 
voltage, 
and should 
be a square 
wave 


for minimum 
of power 
dissipation. 


Unit Counter 


Figure 4 shows 
the schematic 
of an extremely 
simple 
unit 
counter 
that 
can 
be 
used 
for 
remote 
traffic 
counting, 
to 
name one application. 
The power 
cell stack 
should 
consist 
of 3 or 4 nickel 
cadmium 
rechargeable 
cells (nominal 
3.6 or 


4.8 volts). 
If 4 x 1.5 volt 
cells 
are used 
it is recommended 


that a diode be placed 
in series with the stack to guarantee 
that the supply 
voltage 
does not exceed 
6 volts. 


The 
input 
switch 
is shown 
to 
be a single 
pole 
double 


throw 
switch 
(SPDT). 
A 
single 
pole 
single 
throw 
switch 
(SPST) could 
also be used (with a pullup resistor), 
however, 


anti-bounce 
circuitry 
must 
be 
included 
in series 
with 
the 


counter 
input. 
In order 
to avoid 
contact 
bounce 
problems 


due 
to 
the 
SPDT 
switch 
the 
ICM7208 
contains 
an 
input 
latch on chip. 


The 
unit counter 
updates 
the 
display 
for each 
negative 
transition 
of the input signal. The information 
on the display 
will count, 
after reset, 
from 
00 to 9,999,999 
and then 
reset 
to 0000000 
and begin to count 
up again. To blank 
leading 
zeros, 
actuate 
reset 
at the 
beginning 
of a count. 
Leading 
zero blanking 
affects 
two digits at a time. 


For 
battery 
operated 
systems 
the 
display 
may 
be 
switched 
off to conserve 
power. 


Frequency Counter 


The ICM7208 
may be used as a frequency 
counter 
when 
used with an ex1ernal frequency 
reference 
and gating 
logic. 
This can be achieved 
using the ICM7207 
Oscillator 
Control- 
ler (Figure 
5). The ICM7207 
uses a crystal 
controlled 
oscil- 
lator to provide 
the store and reset pulses 
together 
with the 
counting 
window. 
Figure 
6 shows 
the recommended 
input 
gating waveforms 
to the ICM7208. 
At the end of a counting 
period 
(50% 
duty cycle) 
the counter 
input 
is inhibited. 
The 
counter 
information 
is then transferred 
and stored 
in latch- 
es, and can be displayed. 
Immediately 
after this information 
is stored, 
the counters 
are cleared 
and are ready to start a 
new count 
when the counter 
input is enabled. 


Using a 6.5536MHz 
quartz 
crystal 
and the ICM7207 
driv- 
ing the ICM7208, 
two ranges 
of counting 
may be obtained, 
using either 
0.01 see or 0.1 see counter 
enable 
windows. 


Previous 
comments 
on leading 
zero blanking, 
etc., apply 
as per the unit counter. 


The ICM7207 
provides 
the multiplex 
frequency 
reference 
of 1.6kHz. 
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CRYSTAL PARAMETERS 
CL-'2pF 
CIl~I5pF 
RS-SSO 
Co~3pF 
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WINDOW) 
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the gating and the input signal to be measured 
are reversed 
compared 
to the frequency 
counter. 
The input period 
is di- 


vided 
by two to produce 
a single 
polarity 
signal 
(50% 
duty 


cycle) 
equal 
to the input 
period, 
which 
is used to gate 
the 
frequency 
reference 
(1 MHz 
in 
this 
case). 
Figure 
8 


~"vw~ 
Cl UIU\;K. ~(,;nt:tmauc OTIne 
Input waveform 
generator. 


The 
1MHz 
frequency 
reference 
is 
generated 
by 
the 


ICM7209 
Clock 
Generator 
using 
an 
8MHz 
oscillator 
fre- 


quency 
and internally 
dividing 
this frequency 
by 8. Alterna- 


tively, a 1MHz signal could 
be applied 
directly 
to COUNTER 
INPUT. 
Waveforms 
are shown 
in Figure 
7. 


COUNT ENAIILlINPUT 
~~TERNAL FREOUENcyl 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The Harris ICM7209 is a versatile CMOS clock generator 
capable of driving a number of S volt systems with a variety 
of input requirements. When used to drive up to S TIl 
gates, the typical rise and fall times are 10ns. 


The ICM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered out· 
put having an output frequency one·eighth that of the oscil· 
lator. The guaranteed maximum oscillator frequency is 
10MHz. Connecting the DISABLE terminal to the negative 
supply forces the 78 output into the '0' state and the OUT1 
into the '1' state. 


Part 
Temperature 
Package 
Number 
Range 


ICM72091PA 
- 20'C to +8S'C 
8 pin PLASTIC 


ICM7209 
Timebase 
Generator 


FEATURES 
• High Frequency Operation - 
10MHz Guaranteed 
• Requires Only A Quartz Crystal and Two Capacitors 
• Bipolar, CMOS Compatibility 
• High Output Drive Capability - 
Sx TTL Fanout With 
10ns Rise and Fall Times 
• Low Power - 
SOmWat 10MHz 
• Choice of Two Output Frequencies - 
Osc., and Osc. 


7 8 Frequencies 
• Disable Control for Both Outputs 
• Wide Industrial Temperature 
Range - 
200Cto + 8S'C 


• 4,.l.- VDD 


efvss 
e 


Figure 1: Functional 
Diagram 


·Zener Voltage is Typically 6.3 Volts 


0350-2 


Figure 2: Pin 
Configuration 
(Outline dwg PAl 


HAARIS 
SEMICONDUCTOR'S 
SOLE AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPlIEO 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PAATICULAR 
USE. 


III 


CIlo 
C'C••• 
:. 
ABSOLUTE 
MAXIMUM 
RATINGS 
§! 
Supply Voltage 
6V 
Output 
Voltages 
....•.......... 
Vss-0.3V 
to Voo+0.3V 
Input Voltages 
Vss-0.3V 
to Voo+0.3V 


Power Dissipation 
(25"C) 
..........•............ 
300mW 
Storage 
Temperature 
-55"C 
to + 125"C 
Operating 
Temperature 
Range 
- 20"C to + 85"C 
Lead Temperature 
(Soldering, 
10sec) 
300"C 
NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute 
maximum rating conditions 
for extended periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Voo-Vss=5V, 
test circuit, fosc= 
10MHz, TA = 25"C unless otherwise 
specified.) 


Symbol 
Parameter 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


100 
Supply Current 
Note 1 
11 
20 
mA 


No Load 


Co 
Disable 
Input Capacitance 
5 
pF 


IILK 
Disable 
Input Leakage 
Either '1' or '0' state 
±10 
p.A 


VOL 
Output 
Low State 
Either OUT 1 or OUT 
-i- 8 


simulated 
5xTTL 
loads 
0.4 
V 


VOH 
Output 
High State 
Either OUT 1 or OUT 
-i- 8 


simulated 
5xTTL 
loads 
4.0 
4.9 


tR 
Output 
Rise Time (Note 3) 
Either OUT 1 or OUT 
-i- 8 


simulated 
5 x TTL loads 
10 
ns 


tF 
Output 
Fall Time (Note 3) 
Either OUT 1 or OUT 
-i- 8 


simulated 
5 x TTL loads 
10 


fose 
Minimum 
OSC Frequency 
Note 2 
2 
MHz 
for 
-i- 8 Output 


Output 
-i- 8 duty cycle 
Any operating 
frequency 
7:9 


Low state: 
High state 


GM 
Oscillator 
Transconductance 
80 
200 
p.S 


NOTES: 1. The power dissipation 
is a function 
of the oscillator 
frequency 
(1st ORDER EFFECT see curve) but is also effected 
to a small extent by the oscillator 
tank components. 


2. The 
-:-8 circuitry uses a dynamic scheme. 
As with any dynamic system, information 
or data is stored on very small nodal capacitances 
instead of 
latches 
(static systems) 
and there is a lower cutoff frequency 
of operation. 
Dynamic dividers are used in the ICM7209 to significantly 
improve 
high 
frequency 
performance 
and to decrease 
power consumptton. 


3 Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 


CRYSTAL 
PARAMETERS: 


CM-5mpF 
RS - 15 ohms 
CO'" 
3pF 
CL '" 10pF 
f- 
10 MHz 
OSCOUT 
VOO 


ICM 7209 


SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR 
FREQUENCY 


15 


SUPPLY VOLTAGE RANGE FOR 
CORRECT OPERATION OF 78 
COUNTER AS A FUNCTION OF 
OSCILLATOR 
FREQUENCY. 
5 


o 
100kHz 
1MHz 
lOMHz 
100MHz 
FREQUENCY 
o 
20 
40 
60 
80 
100 


TIME (n.1 


o 
10KHz 100kHz 
1 MHz 10MHZ 100MHz 


OSCILLATOR 
FREQUENCY 
0350-6 
0350-5 
Rise and fall times of OUT 78 are 
similar to those of OUT 1. 


DETAILED 
DESCRIPTION 
OSCILLATOR 
CONSIDERATIONS 


The oscillator 
consists 
of a CMOS 
inverter 
with a non-lin- 
ear resistor 
connected 
between 
the oscillator 
input and out- 


put to provide 
D.C. biasing. 
Using 
commercially 
obtainable 
quartz 
crystals 
the oscillator 
will operate 
from 
low frequen- 
cies (10kHz) 
to 10MHz. 


The 
oscillator 
circuit 
consumes 
about 
500JoLAof current 
using a 10MHz 
crystal 
with a 5 volt supply, 
and is designed 
to operate 
with a high impedance 
tank circuit. 
It is therefore 
necessary 
that 
the quartz 
crystal 
be specified 
with 
a load 
capacitance 
(CLl of 10pF instead 
of the standard 
30pF. 
To 
maximize 
the stability 
of the oscillator 
as a function 
of sup- 
ply voltage 
and 
temperature, 
the 
motional 
capacitance 
of 
the crystal 
should 
be low (5mpF or less). Using a fixed input 
capacitor 
of 18pF and a variable 
capacitor 
of nominal 
value 
of 18pF 
on the 
output 
will result 
in oscillator 
stabilities 
of 
typically 
1ppm per volt change 
in supply 
voltage. 
THE 
-;- 8 OUTPUT 


A dynamic 
divider 
is used to divide the oscillator 
frequen- 
cy by 8. Dynamic 
dividers 
use small 
nodal capacitances 
to 


store 
voltage 
levels 
instead 
of latches 
(which 
are used 
in 
static dividers). 
The dynamic 
divider 
has advantages 
in high 


speed operation 
and low power 
but suffers 
from 
limited 
low 
frequency 
operation. 
This results 
in a window 
of operation 
for any oscillator 
frequency 
(see TYPICAL 
PERFORMANCE 
CHARACTERISTICS). 
OUTPUT 
DRIVERS 


The output 
drivers 
consist 
of CMOS 
inverters 
having 
ac- 
tive pullups and pulldowns. 
Thus the outputs 
can be used to 
directly 
drive TTL gates, other CMOS gates operating 
with a 
5 volt 
supply, 
or TTL compatible 
MOS 
gates. 
The guaran- 
teed fanout 
is 5 TTL loads although 
typical 
fanout 
capability 
is at least 
10 TTL 
loads 
with 
slightly 
increased 
output 
rise 
and fall times. 
DEVICE 
POWER 
CONSUMPTION 


At low frequencies 
the principal 
component 
of the power 
consumption 
is the oscillator. 
At high oscillator 
frequencies 
the major 
portion 
of the power 
is consumed 
by the output 
drivers, 
thus 
by disabling 
the 
outputs 
(activating 
the 
DIS- 
ABLE 
INPUT) 
the device 
power 
consumption 
can 
be dra- 


matically 
reduced. 


III 


GENERAL 
DESCRIPTION 
The ICM7213 is a fully integrated micropower oscillator 
and frequency divider with four buffered outputs suitable for 
interfacing with most logic families. The power supply may 
be either a two battery stack (Ni-cad, alkaline, etc.) or a 
regular power supply greater than 2 volts. Depending upon 
the state of the WIDTH, INHIBIT, and TEST inputs, using a 
4.194304MHz crystal will produce a variety of output fre- 
quencies including 2048Hz, 1024Hz, 34.133Hz, 16Hz, 1Hz, 
and 1/60Hz (plus composites). 
The ICM7213 utilizes a very high speed low power metal 
gate CMOS technology which uses 6.4 volt zeners between 
the drains and sources of each transistor and also across 
the supply terminals. Consequently, the ICM7213 is limited 
to a 6 volt maximum supply voltage, although a simple drop- 
ping network can be used to extend the supply voltage 
range well above 6 volts (See Figure 7). 


Part 
Temperature 
Package 
Number 
Range 


ICM72131PD 
- 25°C to + 85°C 
14 pin PLASTIC DIP 


FEATURES 
• Guaranteed 2 Volts Operation 
• Very Low Current Consumption: 
Typ. 100JoLA 
@ 3V 
• All Outputs TTL Compatible 
• On Chip Oscillator 
Feedback Resistor 
• Oscillator 
Requires Only 3 External Components: 
Fixed Capacitor, Trim Capacitor, and A Quartz 
Crystal 
• Output Inhibit Function 
• 4 Simultaneous Outputs: One Pulse/See, One Pulse! 
Mln, 16Hz and Composite 
1024+ 16+2Hz Outputs 
• Test Speed-Up Provides Other Frequency Outputs 


WIDTH 
OUT •• 


OUT 
3 
OUT 2 


INHIBIT 
OUT' 
v•• 
TEST 


OSCOUT 
voo 


OSC'N 
N!C 


N!C 
N!C 


0351-2 
Figure 2: Pin 
Configuration 
(Outline drawing 
PO) 


HARRIS 
SEMICONDUCTOR'S 
SOlE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF All 
OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
ANO FITNESS 
FOR A PARTICUlAR 
USE. 
202800-003 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
(Voo-Vss) 
6.0V 
Output 
Current 
(Any output) 
20mA 
All Input and Oscillator 
Voltages 
(Note1) 
VSS-0.3Vto 
Voo+0.3V 
All Output Voltages 
(Note 1) 
Vss to 6.0V 
NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may caUSB permanent 
damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure fa absolute 
maximum 
rating conditions 
for extended periods 
may affect device reliability. 


NOTE 1: The ICM7213 like most CMOS devices, may enter a destructive 
latchup mode if an input or output voltage is applied in excess of those defined and there 
is no supply current limiting. 
2: Derate linearly power rating of 200mW at 25'C to 50mW at 70"C. 


C'l.•. 
(\I 
•••:. 
~ 
Operating 
Temperature 
Range 
- 25'C to + 85'C 
Storage 
Temperature 
Range 
. . . .. 
- 65'C to + 150'C 
Power Dissipation 
(Note 2) 
200mW 
Lead Temperature 
(Soldering, 
1Osee) 
300'C 


ELECTRICAL 
CHARACTERISTICS 


(Voo- 
Vss = 3.0V, fose = 4.194304MHz, 
Test Circuit, TA = 25'C 
unless otherwise 
specified) 


Symbol 
Parameter 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


100 
Supply Current 
100 
140 
IJ-A 


VSUPPLY 
Guaranteed 
Operating 
Supply 
-20'C<TA<85'C 
2 
4 
V 
Voltage 
Range (Voo-Vss) 


loLK 
Output 
Leakage 
Current 
Any output, 
VoUT = 6 Volts 
10 
IJ-A 


ROUT 
Output Sat. Resistance 
Any output, 
loLK = 2.5mA 
120 
200 
n 


II 
Inhibit Input Current 
Inhibit terminal 
connected 
to Voo 
10 
40 


ITP 
Test Point Input Current 
Test point terminal 
connected 
10 
40 


toVoo 
IJ-A 


Iw 
Width 
Input Current 
Width terminal 
connected 
to Voo 
10 
40 


gm 
Oscillator 
Transconductance 
Voo=2V 
100 
IJ-S 


fose 
Oscillator 
Frequency 
Range (Note 3) 
1 
10 
MHz 


fSTAB 
Oscillator 
Stability 
2V<Voo<4V 
1.0 
ppm 


ts 
Oscillator 
Start Time 
0.1 
see 
Voo=2.0volts 
0.2 


NOTE: 3. The ICM7213 uses dynamic dividers for high frequency 
division. As with any dynamic system, information 
is stored on very small nodal capacitances 
instead of latches (static system), therefore 
there is a lower frequency of operation. 
Dynamic dividers are used to improve the high frequency 
perform- 


ance while at the same time significantly 
decreasing 
power consumption. 
At low supply voltages, operation 
at less than 1MHz is possible. 


CRYSTAL 
PARAMETER 


f 
- 4.194,304 
MHz 
(PARALLEL 
RS - 35 n 
RESONANT) 
CM-17mpF 
Co - 2.5 pF 


T.P. 
II 


C')•• 
(II 
••• 
• 
TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
S! 


130 


~12O 
I 
•.•110 
Z 
••• 
~100 
~ 
U90 
>... 
t80 
i70 
-co 
-20 
0 
+20 
+40 +eo +80 


TEMPERATURE _ °c 


«300 
::l. 
I 250 
o9200 
•..z 
::! 150 
II: 
i3 100 


~ 
50 
.•.... 
iil 
0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE VDD -V" 


VOO-Vss-3V 
CIN. COUT AND 
QUARTZ CRYSTAL 
MAINTAINED 
AT 25°C 
fOsc-4.19MHz 


-1.5 
-co 
-20 
0 
+20 +40 
+eo +80 


TEMPERATURE 
_ °c 


OUTPUT CURRENT AS A FUNCTION 
OF OUTPUT SATURATION 
VOLTAGE 
30 
125 
I 
!Z2O 
••• 
II: 
II:~ 
U•..~ 
~ 
5 
~o 
o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.1 
OUTPUT SATURATION 
VOLTAGE 
(ANY OUTPUT' 


zo 
~ 
+3 
:> 
•••o> 
+1 
UE 
~to 
5! 
::!$-1 
CIN-COUT-3OpF 
l&.<] 
~ 
-2 
S 
-3 


••• 
2.0 
3.0 
4.0 
5.0 


~ 
SUPPLYVOLTAGEVoo-V 
•• 


Input 
States· 
Pin 12 
Pin 13 
Pin 2 
Pin 14 


Test 
Inhibit 
Width 
Out 1 
Out 2 
Out3 
Out 4 


L 
L 
L 
16Hz 
1024+16+2Hz 
1Hz.7.8ms 
1160Hz, 
1 Sec. 


-i-218 
(-i-212-i- 218-i- 221) composite 
-i-222 
-i- (224 x 3 x 5) 


L 
L 
H 
16Hz 
1024+16+2Hz 
1Hz,7.8ms 
1160Hz, 
125ms 


-i-218 
(-i- 212-i- 218-i- 221) composite 
-i-222 


L 
H 
L 
16Hz 
1024+16Hz 
OFF 
OFF 


-i-218 
(-i- 212-i- 218) composite 


L 
H 
H 
16Hz 
1024+ 
16Hz 
OFF 
SEE 


-i-218 
(-i- 212-i- 218) composite 
WAVEFORMS 


H 
L 
L 
ON 
4096 + 1024Hz 
2048Hz 
34.133Hz, 
50% D.C. 


(-i- 210-i- 212) composite 
-i-211 
-i-(213x5x3) 


H 
L 
H 
ON 
4096 + 1024Hz 
2048Hz 
34.133Hz, 
50% D.C. 


(-i- 210-i- 212) composite 
-i-211 
-i-(213 x 5 x 3) 


H 
H 
L 
ON 
1024Hz 
ON 
OFF 


-i-212 


H 
H 
H 
ON 
1024Hz 
ON 
OFF 


-i-212 


' 


1024Hz 
-l 
1--16 Hz 
_ 
•••••••• 
• ••• 
I' 
2Hz----------<, 


INHIBIT 
I 
•••• 
I 
I 
I 
I 
I 
I 
OUT 3 
I 
I 


CASE 1j OUT 4 
Lr 
I 
~-tr 
t-.:u- 7.lIms 
I 
I 
0.75 - 1.0 SEC I 
LJ 
I 
~ 
I 
I 
i- 59.75 to 
I 
I 
60SECS. 
II 
I 
<7.emS-:- 
I 
OUT 3 
I 
CASE2 \ 
+7.8_ 
I 
U 
I 
(PULSE3 
I 
I 
COINCIDENT 
OUT 4 
I 
WITH INHIBITI 
I, 
OUT 3 
I 


OA'"I0"" 
U: 
U 
I 
~ 
(EFFECTOF 
(I 
WIDTH 
I 
ON OUT 41 
WIDTH 
I 
n 
I 
, 
~. 
III 
OUT 3 
I 
"''' IoU" 
u: 
u 
I 
~_. 
IEFFECTOF 
II 
WIDTH 
WIDTH 
ON OUT 4) 
... 


NOTE: 
Refers 
to Figure 
5 


All time 
scales 
are arbitrary, 
and 
in the case 
of OUT 
3 
only the pulses 
coinciding 
with the negative 
edge of OUT 4 
are shown. 
Where 
time intervals 
are relevant 
they are clear- 


ly shown. 


DETAILED 
DESCRIPTION 
Supply Voltage Considerations 


The 
ICM7213 
may be used to provide 
various 
precision 
outputs 
with 
frequencies 
from 
2048Hz 
to 
1160Hz 
using 
a 
4, 194,304Hz 
quartz 
oscillator, 
and other 
output 
frequencies 
may 
be 
obtained 
using 
other 
quartz 
crystal 
'frequencies. 
Since 
the 
ICM7213 
uses 
dynamic 
high frequency 
dividers 
for the initial frequency 
division 
there 
are limitations 
on the 
supply voltage 
range depending 
on the oscillator 
frequency. 


If, for example, 
a low frequency 
quartz 
crystal 
is selected, 
the supply 
voltage 
should 
be selected 
in the center 
of the 
operating 
window, 
or approximately 
1.7 volts. 


r 


· 


SUPPLY 
VOLTAGE 
• 


0351-11 
Figure 6: Window of Correct Operation 


The supply 
voltage 
to the ICM7213 
may be derived 
from 
a high voltage 
supply 
by using 
a simple 
resistor 
divider 
(if 
power 
is of no concern), 
by using a series 
resistor 
for mini- 
mum current 
consumption, 
or by means 
of a regulator. 


EXAMPLE: 
f ~ 4.2 MHz 
8V ,; V ,; 12V (10 nom.) 


I, '" 
100 "A 
12'" 
1 mA 
R2 '" 3 kfi 
R, 
'" 6.8 kfi 


CBYPASS 
0.01 ~F 


CBYPASS 0.01 
~F 
I, 


EXAMPLE: 
lose 
~ 4.2 MHz 
8V ,; V ,; 12V (10V nom.) 


I, '" 
100 "A 
R3 - 
(10-3) 
kfi 
10-' 


'" 68 kfi 


Figure 7: Biasing Schemes 
with High Voltage Supplies 


Outputs 


Pull 
up 
resistors 
will 
generally 
be required 
to 
interface 
with other 
logic families. 
These 
resistors 
must be connected 
between 
the various 
outputs 
and the positive 
power supply. 


Oscillator Considerations 


The 
oscillator 
consists 
of a CMOS 
inverter 
and a feed- 
back 
resistor 
whose 
value 
is dependent 
on the voltage 
at 
the oscillator 
input and output 
terminals 
and the supply volt- 
age. 
Oscillator 
stabilities 
of approximately 
0.1ppm 
per 0.1 
volt variation 
are achievable 
with a nominal 
supply 
voltage 
of 5 volts and a single voltage 
dropping 
resistor. 
The crystal 
specifications 
are shown 
in the TEST 
CIRCUIT. 


It is recommended 
that the crystal 
load capacitance 
(CL) 
be no greater 
than 22pF for a crystal 
having 
a series 
resist- 
ance 
equal 
to or less than 
75 ohms. 
otherwise 
the output 
amplitude 
of the oscillator 
may be too low to drive the divid- 
er reliably. 


If a very high quality oscillator 
is desired. 
it is recommend- 
ed that a quartz 
crystal 
be used having 
a tight tuning 
toler- 


ance ± 10ppm. 
a low series resistance 
(less than 25 ohms). 
a low motional 
capacitance 
of 5mpF and a load capacitance 
of 20pF. 
The fixed 
capacitor 
CIN should 
be 30pF 
and the 
oscillator 
tuning 
capacitor 
should 
range 
between 
approxi- 


mately 
16 and 60pF. 


Use of a high quality 
crystal 
will result in typical 
stabilities 
of 0.05ppm 
per 0.1 volt change 
of supply 
voltage. 


Control Inputs 


The TEST input inhibits 
the 218 output 
and applies 
the 29 


output 
to the 221 divider. 
thereby 
permitting 
a speedup 
of 
the testing 
of the 
760 
section 
by a factor 
of 2048 
times. 


This also 
results'in 
alternative 
output 
frequencies 
(see ta- 
ble). 


The WIDTH 
input may be used to change 
the pulse width 
of OUT 
4 from 
125ms 
to 1 sec. or to change 
the state 
of 
OUT 4 from 
ON to OFF during 
INHIBIT. 


See Figures 
4 and 5 for output 
waveforms 
and effect 
of 
control 
inputs. 


HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 


The ICM7216A 
and B are fully integrated 
Timer 
Counters 
with 
LED 
display 
drivers. 
They 
combine 
a high frequency 
oscillator, 
a decade 
timebase 
counter, 
an 8-decade 
data 
counter 
and latches, 
a 7-segment 
decoder, 
digit 
multiplex- 
ers and 8 segment 
and 8 digit drivers 
which 
directly 
drive 
large 
multiplexed 
LED displays. 
The counter 
inputs 
have a 
maximum 
frequency 
of 10 MHz in frequency 
and unit coun- 
ter modes 
and 2 MHz in the other 
modes. 
Both inputs 
are 
digital 
inputs. 
In many 
applications, 
amplification 
and 
level 
shifting 
will be required 
to obtain 
proper 
digital 
signals 
for 
these 
inputs. 


The ICM7216A 
and B can function 
as a frequency 
coun- 
ter, period 
counter, 
frequency 
ratio (fA/fa) 
counter, 
time in- 
terval 
counter 
or as a totalizing 
counter. 
The counter 
uses 
either 
a 10 MHz or 1 MHz quartz crystal 
timebase. 
For peri- 
od and time 
interval, 
the 
10 MHz timebase 
gives 
a 0.1 "'S 
resolution. 
In period 
average 
and time interval 
average, 
the 
resolution 
can be in the nanosecond 
range. 
In the frequen- 
cy 
mode, 
the 
user 
can 
select 
accumulation 
times 
of 
0.01 see, 0.1 see, 1 see and 10 sec. With a 10 see accumu- 
lation 
time, 
the frequency 
can be displayed 
to a resolution 
of 0.1 Hz in the least 
significant 
digit. There 
is 0.2 seconds 
between 
measurements 
in all ranges. 


The ICM7216D 
functions 
as a frequency 
counter 
only, as 
described 
above. 


All 
versions 
of 
the 
ICM7216 
incorporate 
leading 
zero 
blanking. 
Frequency 
is displayed 
in kHz. 
In the 
ICM7216A 
and B, time is displayed 
in ",s. The display 
is multiplexed 
at 
500Hz 
with 
a 
12.2% 
duty 
cycle 
for 
each 
digit. 
The 
ICM7216A 
is designed 
for common 
anode displays 
with typ- 
ical peak segment 
currents 
of 25 mA. The ICM7216B 
and D 
are 
designed 
for 
common 
cathode 
displays 
with 
typical 
peak 
segment 
currents 
of 12 mA. In the display 
off mode, 
both 
digit and segment 
drivers 
are turned 
off, enabling 
the 
display 
to be used for other 
functions. 


ICM7216A/B/D 
~ 
8-Digit 
Multi-Function c 
Frequency Counter/Timer 
~ 


••••:I 
!:! 
FEATURES 
ALL VERSIONS: 


• Functions 
as a Frequency 
Counter 
(DC to 
10 MHz) 


• Four 
Internal 
Gate 
Times: 
0.01 See, 0.1 See, 
1 See, 
10 See In Frequency 
Counter 
Mode 


• Directly 
Drives 
Digits 
and 
Segments 
of Large 
Multiplexed 
LED Displays 
(Common 
Anode 
and 
Common 
Cathode 
Versions) 


• Single 
Nominal 
SV Supply 
Required 


• Highly 
Stable 
Oscillator, 
Uses 
1 MHz or 10 MHz 
Crystal 


• Internally 
Generated 
Decimal 
Points, 
Interdlgit 
Blanking, 
Leading 
Zero 
Blanking 
and 
Overflow 
Indication 


• Display 
Off 
Mode 
Turns 
Off 
Display 
and 
Puts 
Chip 
Into 
Low 
Power 
Mode 


• Hold 
and 
Reset 
Inputs 
for 
Additional 
Flexibility 


ICM7216A 
AND 
ICM7216B 


• Functions 
Also 
as a Period 
Counter, 
Unit 
Counter, 
Frequency 
Ratio 
Counter 
or Time 
Interval 
Counter 


• 1 Cycle, 
10 Cycles, 
100 Cycles, 
1000 Cycles 
In 
Period, 
Frequency 
Ratio 
and Time 
Interval 
Modes 


• Measures 
Period 
From 
O.S",s to 
10s 


ICM7216D 


• Decimal 
Point 
and 
Leading 
Zero 
Blanking 
May Be 
Externally 
Selected 


Part Number 
Temperature 
Range 
Package 


ICM7216AIJI 
- 25°C to + 85°C 
28 pin CERDIP 


ICM7216BIPI 
- 25°C to + 85°C 
28 pin PLASTIC 
DIP 


ICM7216DIPI 
- 25°C to + 85°C 
28 pin PLASTIC 
DIP 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
202815-003 


III 


lllT- 
NUT- 
..". 


• 
OIOtT 
OIITPU" 
I8l 


EXT 
01. 
IWUT 
(NOTll) 


MEASURfiiENT 
IN 
~OUT""T 
tHOTE 
21 


NOTES: 
1) FUMeTtON 
INPUT AND INPUT B AVAlLA8LE 
ON tcll 
7211A/B 
ONLY. 


2) EXT D.P. INPUT AND IlEASUREMENT lJi J5lmCRm 
OUTPUT AVAILABLE ON 
tcll721tD 
ONLY. 


ABSOLUTE 
MAXIMUM 
RATINGS 


Maximum 
Supply Voltage 
(Voo-Vss) 
6.SV 
Maximum 
Digit Output Current 
400 mA 
Maximum 
Segment 
Output 
Current 
60 mA 
Voltage 
On Any Input or 


OutputTerminal(1) 
(Voo+0.3V) 
to (Vss-0.3V) 


Maximum 
Power 
Dissipation 
at 
70'C 
1.0W (ICM7216A) 
O.SW (ICM7216B 
& D) 
Operating 
Temperature 
Range 
- 2S'C to + 8S'C 
Storage 
Temperature 
Range 
.. . . . . . . .. 
- 6S'C to + 1S0'C 
Lead Temperature 
(Soldering, 
1Osee) 
300'C 


~ote: 
1. The ICM7216 may be triggered into a destructive 
latchup mode 
if either input signals are applied before the power supply is applied or if input or outputs 


are forced to voltages exceeding 
Voo to Vss by more than 0.3 volts. 


CI 
ia 
C 
CO 
9'" 
NOTE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
(II 
may cause permanent 
damage to the device. 
These are stress ratings only 
•••• 
and functional 
operation 
of the device 
at these 
or any other 
conditions 
• 
above those indicated in the operational 
sections 01 the specifications 
is not 
!:! 
implied. Exposure to absolute maximum fating conditions 
for extended peri- 
ods may affect device reliability. 


CONTROL 
INPUT 


INPUT 
8 


FUNCTION 
INPUT 


DECIMAL 
POINT 
OUTPUT 


SeG E OUTPUT 


SEG 
GOUTPUT 


SEGAOlJTPUT 


V•• 


SEGOOUTPUT 


SEG 
B OUTPUT 


SEGCOUTPUl 


SEG f OUTPUT 
l!3l1' INPUT 


RANGE 
INPUT 


INPUT 
A 


HOLD 
INPUT 


OSCOUTPUT 


OSC 
INPUT 


EXT OSC INPUT 


DIGIT 
1 OUTPUT 


DIGIT 
2 OUTPUT 


DIGIT 
3 OUTPUT 


DIGIT 
.• OUTPUT 


DIGIT 
5 OUTPUT 


VDO 


DIGIT. 
OUTPUT 


DIGIT 
1 OUTPUT 


DIOIT. 
OUTPUT 


CONTROl. 
INPUT 


INPUTB 


FUNCTION 
INPUT 


DIGIT 
1 OUTPUT 


DIGIT 
3 OUTPUT 


DIGIT 
2 OUTPUT 


DIGIT. 
OUTPUT 


V•• 


DIGIT 
& OUTPUT 


DIGIT' 
OUTPUT 


DIGIT 
7 OUTPUT 


DIGIT' 
OUTPUT 


RESET 
INPUT 


RANGE 
INPUT 


SEG A OUTPUT 


SEG D OUTPUT 


VDO 


SEGBOUTPUT 


SEGCOUTPUT 


SEG F CMJTPUT 


INPUT" 


HOLOINPUT 


DSCOUTPUT 


OSCINP\JT 


EXT OSC INPUT 


DECIMAL 
POINT 
OUTPUT 


SEG G OUTPUT 


SEG E OUTPUT 


SEO A OUlPUT 


SEGDOUTPUT 


VDO 


SEG B OUTPUT 


SEG C OUTPUT 


SEG f OUTPUT 


CONTROl 
INPUT 


MEASUREMENT 
iN PiiOOiiElS 


DIOIT 
1 OUTPUT 


DIGIT 
3 OUTPUT 


DIGIT 
2 OUTPUT 


DIOIT 
.• OUTPUT 


V•• 


DIGIT 
5 OUTPUT 


DIGIT' 
OUTPUT 


DIGIT 
1 OUTPUT 


DIGIT' 
OUTPUT 


RnlT.NPUT 


EX. 01, INPUT 


RANGE IPWUT 
• 


".. 
\. UU 
..•.....•.I 
•. ~::; 
- 
V, 
I A - 
~\.J v, Ullltt:>~ UU ItnWlse 
specmea.} 
••••2 
S! 


Symbol 
Parameter 
Test Conditions 
Min 
I 
Typ 
Max 
Units 


ICM7216A1B 


100 
Operating 
Supply Current 
Display Off, Unused 
Inputs to Vss 
2 
S 
mA 


Supply Voltage 
Range (Voo - VSS) 
INPUT A, 


VSUPPLY 
INPUT B Frequency 
at fmax 
4.75 
6.0 
V 


fA(max) 
Maximum 
Frequency 
Figure 3, 
INPUT A, Pin 28 
Function 
= Frequency, 
Ratio, Unit 


Counter 
10 
MHz 


Function 
= Period, Time Interval 
2.S 
MHz 


fS(max) 
Maximum 
Frequency 
Figure 4 
2.S 
MHz 
INPUT B, Pin 2 


Minimum 
Separation 


INPUT A to INPUT B 
Figure 9 
2S0 
ns 


Time Interval 
Function 


fose 
Maximum 
Osc. Freq. and Ext. 


Osc. Frequency 
10 
MHz 


lose 
Minimum 
Ext. Osc. Freq. 
100 
kHz 


gm 
Oscillator 
Transconductance 
Voo=4.7SV, 
TA= 
+8S"C 
2000 
/LS 


fmux 
Multiplex 
Frequency 
fosc=10MHz 
500 
Hz 


Time Between 
Measurements 
lose = 10 MHz 
200 
ms 


Input Voltages: 


Pins 2,13,2S,27 ,28 


VINL 
Input Low Voltage 
1.0 
V 


VINH 
Input High Voltage 
3.S 
V 


RIN 
Input Resistance 
to Voo 
VIN=Voo-1.0V 
Pins 13,24 
100 
400 
kO 


Input Leakage 


IILK 
Pin 27,28,2 
20 
/LA 


dVIN/dt 
Input Range of Change 
Supplies 
Well Bypassed 
15 
mV//LS 


ICM7216A 


Digit Driver: 


Pins 15,16,17,19,20,21,22,23 


IOH 
High Output 
Current 
VOUT=Voo-2.0V 
-140 
-180 
mA 


IOL 
Low Output Current 
VOUT=VSS+ 
1.0V 
0.3 
mA 


Segment 
Driver: 


Pins 4,5,6,7,9,10,11,12 


IOL 
Low Output Current 
VOUT=VSS+ 
1.5V 
20 
35 
mA 
IOH 
High Output 
Current 
VOUT=Voo-2.5V 
-100 
/LA 


Multiplex 
Inputs: 


Pins 1,3,14 


VINL 
Input Low Voltage 
0.8 
V 
VINH 
Input High Voltage 
2.0 
V 
RIN 
Input Resistance 
to VSS 
VIN=Vss+1.0V 
SO 
100 
kO 


ELECTRICAL 
CHARACTERISTICS 
(ICM7216A/B) 


(Voo= 
5.0V, Vss = 0, TA = 25°C, unless otherwise 
specified.) 
(Continued) 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


ICM7216B 


Digit Driver: 


Pins 4,5,6,7,9,10,11,12 


IOL 
Low Output 
Current 
VOUT=VSS+1.3V 
50 
75 
mA 


IOH 
High Output 
Current 
VOUT=Voo-2.5V 
-100 
",A 


Segment 
Driver: 


Pins 15,16,17,19,20,21,22,23 


IOH 
High Output Current 
VOUT=Voo-2.0V 
-10 
mA 


ISLK 
Leakage 
Current 
VOUT=Voo-2.5V 
10 
",A 


Multiplex 
Inputs: 


Pins 1,3,14 


VINL 
Input Low Voltage 
Voo-2.0 
V 


VINH 
Input High Voltage 
Voo-0.8 
V 


RIN 
Input Resistance 
to Voo 
VIN=Voo-2.5V 
100 
360 
kO 


ELECTRICAL 
CHARACTERISTICS 
(ICM7216D) 


(Voo = 5.0V, VSS = 0, TA = 25°C, unless otherwise 
specified.) 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


ICM7216D 


100 
Operating 
Supply Current 
Display Off, Unused 
Inputs to VSS 
2 
5 
mA 


VSUPPLY 
Supply Voltage 
Range (Voo-VSS) 
INPUT A 


Frequency 
at fmax 
4.75 
6.0 
V 


fA(max) 
Maximum 
Frequency 


INPUT A, Pin 28 
Figure 3 
10 
MHz 


fose 
Maximum 
Osc. Freq. and Ext. 


Osc. Frequency 
10 
MHz 


fose 
Minimum 
Ext. Osc. Freq. 
100 
kHz 


gm 
Oscillator 
Transconductance 
Voo=4.75V, 
TA= 
+ 85°C 
2000 
",S 


fmux 
Multiplex 
Frequency 
fosc=10 
MHz 
500 
Hz 


Time Between 
Measurements 
fosc=10 
MHz 
200 
ms 


Input Voltages: 


Pins 12,27,28 


VINL 
Input Low Voltage 
1.0 
V 


VINH 
Input High Voltage 
3.5 
V 


Input Resistance 
to Voo 


RIN 
Pins 12,24 
VIN=Voo-1.0V 
100 
400 
kO 


Input Leakage 


IILK 
Pin 27, Pin 28 
20 
",A 


IOL 
Output Current 
VOL = +.4V 
0.36 
mA 


IOH 
Pin2 
VOH=Voo-0.8V 
265 
",A 


dVIN/dt 
Input Rate 
Supplies 
Well Bypassed 
15 
mV/",S 
of Change 


II 


a.•.. 
II.•.. 
= 
ELECTRICAL 
CHARACTERISTICS 
(ICM7216D) 
c:i 
(Voo = 5.0V ± 5%, Vss = 0, TA = 25'C, 
unless otherwise 
specified.) 
(Continued) 
••••:. 
5:! 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


ICM7216D 


Digit Driver: 


Pins 3,4,5,6,8,9,10,11 


IOL 
Low Output Current 
VOUT= 
+1.3V 
50 
75 
mA 


IOH 
High Output Current 
VOUT=Voo-2.5V 
100 
p.A 


Segment 
Driver: 


Pins 15,16,17,19,20,21,22,23 


IOH 
High Output Current 
VOUT=Voo-2.0V 
10 
15 
mA 


ISLK 
Leakage 
Current 
VOUT=Voo-2.5V 
10 
p.A 


Multiplex 
Inputs: 


Pins 1,13,14 


VINL 
Input Low Voltage 
Voo-2.0 
V 


VINH 
Input High Voltage 
Voo-0.8 
V 


RIN 
Input Resistance 
to Voo 
VIN=Voo-l.0V 
100 
360 
kO 


••• 
:z:~ 


~ 
10 
Zw 
::>2 
fA e-t ••'-I 
PERIOD. 


~ 
T.ME INTE.RVAL MODES 
... 


00 
00 


Voo - 
VOUT (VOLTS) 
VOO - 
VOUT (VOLTS) 


0353-6 
0353-7 


ICM7216A TyplcallSEG 
YS. VOUT' 
ICM7216B 
& D TypicallOIGIT 
YS. VOUT 
10 
200 
TA·25·C 


-20°C 


150 


-:( 
• 
-5- 
.! 
100 
" 
t:: 
~ 
S! 
0 


+85OC 


50 


VOO = 5.0V 


0 
0 
1 
2 
3 


VOUT 
(VOLTS) 
VOUT 
(VOLTS) 
0353-8 
0353-27 


10 
200 


-20'C 


• 
• 
• 


.! 
.! 
" 
~ 
~ 
.P 


ICM72168 
& D TypicaiiSEG 
YS. VOO - VOUT. 


4.S,;;VOO,;;6.0V 


200 
20 
• 
•.! 
.! 
" 
2 
~ 
.P 


100 
10 


COUNTED 
~TRANSlTlONS 
iJi_ 


50MMIN 
_ 
4.SV------- 
_ 


50 
"' 
MIN 
t, • If 
.•• 10 
I'IMC 


0353-11 
Figure 3: Waveform 
for Guaranteed 
Minimum 
fA(max) Function = Frequency, 
Frequenc.y Ratio, Unit Counter . 


0353-12 
Figure 4: Waveform 
for Guaranteed 
Minimum 
fB(max) and fA(max) for Function = 
Period and Time Interval. 


•• 
27 
•• 
25 
24 


23 


12~ 
22 
21 
20 
"II 


17 


"II 


EXT 
osc 
INPUT 


Tv.tCAl 
CRYSTAL 
$Hes: 


, • 10 MHI 'A"ALLll 
RESONANCE 
Cl • 22pf 
R,. <3&0 


I 
RANGE 
I 


0, 
.01/1 
D2 
.1/10 


D2 
1/100 
••• 
1011K 


lED 
OVERflOW 
WOICATOR 


"V 
BBB'BBBBB 


• 
f,g-'b 
.,-,e 
d ed.p. 


0353-16 


Overflow 
will be indicated on the decimal point output of digit 8. 


A separate 
LED overflow 
indicator can be connected 
as follows: 


ICM7216A 


ICM7216B/D 


Cathode 


DEC. PT. 


D8 


Anode 


De 
DEC. PT. 


DETAILED 
DESCRIPTION 
INPUTS A and B 


INPUTS 
A and B are digital inputs witha typical 
switching 
threshold 
of 2.0V at Voo=5.0V. 
For optimum 
performance 
the peak-to-peak 
input signal should 
be at least 50% of the 
supply 
voltage 
and 
centered 
about 
the 
switching 
voltage. 
When 
these 
inputs 
are 
being 
driven 
from 
TIL 
logic, 
it is 
desirable 
to use a pullup 
resistor. 
The circuit 
counts 
high to 
low transitions 
at both inputs. 
(INPUT 
B is available 
only on 
ICM7216A1B). 


Note 
that 
the 
amplitude 
of the input 
should 
not exceed 
the 
device 
supply 
(above 
the Voo 
and below 
the Vss) 
by 
more than 0.3V, otherwise 
the device 
may be damaged. 
Multiplexed Inputs 


The 
FUNCTION, 
RANGE, 
CONTROL 
and 
EXTERNAL 
DECIMAL 
POINT 
inputs 
are time 
multiplexed 
to select 
the 
function 
desired. 
This is achieved 
by connecting 
the appro- 


priate 
Digit driver 
output 
to the inputs. 
The function, 
range 
and 
control 
inputs 
must 
be stable 
during 
the 
last 
half 
of 
each 
digit output, 
(typically 
125I'-s). The multiplexed 
inputs 
are active 
high for the common 
anode 
ICM7216A 
and ac- 
tive low for the common 
cathode 
ICM7216B 
and D. 


Noise 
on the multiplex 
inputs 
can cause 
improper 
opera- 


tion. This is particularly 
true when the unit counter mode of 
operation 
is selected, 
since changes 
in voltage 
on the digit 
drivers 
can be capacitively 
coupled 
through 
the LED diodes 
to 
the 
multiplex 
inputs. 
For 
maximum 
noise 
immunity, 
a 
10k!} 
resistor 
should 
be 
placed 
in series 
with 
the 
multi- 
plexed 
inputs 
as shown 
in the application 
circuits. 


Table 
1 shows 
the 
functions 
selected 
by each 
digit 
for 
these 
inputs. 


Function 
Digit 


FUNCTION 
INPUT 
Frequency 
D1 
(Pin 3, 
Period 
De 
ICM7216A& 
B 
Frequency 
Ratio 
D2 
Only) 


Time Interval 
D5 
Unit Counter 
D4 
Oscillator 
D3 
Frequency 


RANGE 
INPUT 
0.01 sec/1 
Cycle 
D1 
Pin 14 
0.1 sec/10Cycles 
D2 
1 sec/1 00 Cycles 
D3 
10 sec/1 K Cycles 
D4 


CONTROL 
INPUT 
Display Off 
D4and 
Hold 


Pin 1 
Display Test 
D8 
1 MHz Select 
D2 
Ex1ernal Oscillator 
D1 
Enable 


Ex1ernal Decimal 
D3 
Point Enable 


EXT. D.P. INPUT 
Decimal 
point is output for same 


(Pin 13,ICM7216D 
digit that is connected 
to 
Only) 
this input 


FUNCTION 
INPUT 


The six functions 
that 
can be selected 
are: Frequency, 


Period, Time Interval, Unit Counter, Frequency Ratio 
and Oscillator Frequency. This 
input 
is available 
on the 


ICM7216A 
and B only. 


III 


a" 
II":I 
The implementation 
of different 
functions 
is done by rout- 
•• 
ing the different 
signals 
to two counters, 
called 
"Main 
Coun- 


~ 
ter" 
and 
"Reference 
Counter". 
A simplified 
block 
diagram 
2 
of the device 
for functions 
realization 
is shown 
in Figure 
7. 
2 
Table 
2 shows 
which 
signals 
will be routed 
to each counter 
in different 
cases. 
The 
output 
of the 
Main 
Counter 
if the 
information 
which goes to the display. 
The Reference 
Coun- 


ter divides 
its input 
to 1, 10, 100 and 
1000. 
One of these 
outputs 
will 
be 
selected 
through 
the 
range 
selector 
and 
drive the enable 
input of the Main Counter. 
This means that 
the 
Reference 
Counter, 
along 
with 
its' 
associated 
blocks, 
directs 
the Main Counter 
to begin counting 
and determines 
the length 
of the counting 
period. 
Note 
that 
Figure 
7 does 
not show 
the complete 
functional 
diagram 
(See 
Figure 
1). 


After 
the 
end 
of each 
counting 
period, 
the 
output 
of the 
Main Counter 
will be latched 
and displayed, 
then the coun- 


ter will be reset 
and a new measurement 
cycle 
will begin. 


Any change 
in the FUNCTION 
INPUT will stop the present 
measurement 
without 
updating 
the display 
and then 
initiate 
a new measurement. 
This prevents 
an erroneous 
first read- 
ing after the FUNCTION 
INPUT is changed. 
In all cases, the 
1-0 transitions 
are counted 
or timed. 


100Hz 


INPUT A 


INPUT B 


Function 
Main Counter 
Reference 
Counter 


Frequency 
(fA) 
Input A 
100 Hz (Oscillator 


-T 105 or 104) 


Period (tAl 
Oscillator 
Input A 


Ratio (fAils) 
Input A 
InputB 


Time Interval 
Oscillator 
Input A 


(A-B) 
InputB 


Unit Counter 
Input A 
Not Applicable 
(Count A) 


Osc. Freq. 
Oscillator 
100 Hz (Oscillator 


(foscl 
-T 105 or 104) 


Frequency-In 
this mode input A is counted 
by the Main 
Counter 
for a precise 
period of time. This time is determined 
by the time base oscillator 
and the selected 
range. 
For the 
10 MHz (or 1 MHz) time base, the resolutions 
are 100, 10, 1 
and 0.1 Hz. The decimal 
point on the display 
is set for kHz 
reading. 


INTERNAL OR 
EXTERNAL 
OSCILLATOR 
ENABLE 


CLOCK 


MAIN COUNTER 


Period-In 
this mode, 
the timebase 
oscillator 
is counted 
by the Main Counter 
for the duration 
of 1, 10, 100 or 1000 
(range 
selected) 
periods 
of the signal at input A. A 10 MHz 
timebase 
gives 
resolutions 
of 0.1/,s 
to 0.0001/,s 
for 
1000 
periods 
averaging. 
Note that the maximum 
input frequency 
for period 
measurement 
is 2.5 MHz. 


Frequency 
Ratio-In 
this 
mode, 
the input A is counted 
by the Main Counter 
for the duration 
of 1, 10, 100 or 1000 
(range 
selected) 
periods 
of the 
signal 
at input 
B. The fre- 
quency 
at input A should 
be higher 
than 
input B for mean- 
ingful result. The result in this case is unitless 
and its resolu- 
tion can go up to 3 digits after decimal 
point. 


Time 
Interval-In 
this 
mode, 
the 
timebase 
oscillator 
is 
counted 
by the Main Counter 
for the duration 
of a 1-0 
tran- 
sition of input A until a 1-0 
transition 
of input B. This means 
input 
A starts 
the 
counting 
and 
input 
B stops 
it. If other 
ranges, 
except 
0.01 s/1 
cycle are selected 
the sequence 
of 
input 
A and 
B transitions 
must 
happen 
10, 
100 
or 
1000 
times 
until 
the 
display 
becomes 
updated; 
note 
this 
when 
measuring 
long time intervals 
to give enough 
time for mea- 
surement 
completion. 
The 
resolution 
in this 
mode 
is the 
same 
as for 
period 
measurement. 
See 
the 
Time 
Interval 
Measurement 
section 
also. 


Unit 
Counter-In 
this mode, 
the Main Counter 
is always 
enabled. 
The 
input A is counted 
by the 
Main Counter 
and 
displayed 
continuously. 


Oscillator 
Frequency-In 
this mode, the device 
makes a 
frequency 
measurement 
on its timebase. 
This is a self test 
mode 
for device 
functionality 
check. 
For 10 MHz timebase 
the 
display 
will 
show 
10000.0, 
10000.00, 
10000.000 
and 
Overflow 
in different 
ranges. 


CI..••II 
..•• 
C 
RANGE 
INPUT 
~ 


The 
RANGE 
INPUT 
selects 
whether 
the measurement 
c::i 
period 
is made for 1, 10, 100 or 1000 counts 
of the Refer- 
""" 
ence Counter. 
As it is shown 
in Table 
1, this gives different 
::E 
counting 
windows 
for frequency 
measurement 
and various 
~ 
cycles 
for other 
modes 
of measurement. 


In all functional 
modes 
except 
Unit Counter, 
any change 
in the 
RANGE 
INPUT 
will 
stop 
the 
present 
measurement 


without 
updating 
the display 
and then 
initiate 
a new 
mea- 


surement. 
This prevents 
an erroneous 
first reading 
after the 
RANGE 
INPUT is changed. 
CONTROL 
INPUT 


Unlike 
the other 
multiplexed 
inputs, 
to which 
only one of 


the digit outputs 
can be connected 
at a time, this input can 
be tied to different 
digit lines to select 
combination 
of con- 


trols. 
In this 
case, 
isolation 
diodes 
must 
be used 
in digit 


lines to avoid 
crosstalk 
between 
them 
(see Figure 
5). The 
direction 
of diodes 
depends 
on the device version, 
common 


anode 
or common 
cathode. 
For maximum 
noise immunity 
at 
this 
input, 
in addition 
to the 
10k resistor 
which 
was 
men- 


tioned 
before, 
a 39 to 
100 
pF capacitor 
should 
also 
be 
placed 
between 
this input and the Voo 
or Vss 
(See Figure 
5). 


Display 
Off-To 
disable 
the display 
drivers, 
it is neces- 
sary to tie the D4 line to the CONTROL 
INPUT and have the 
HOLD 
input 
at Voo. 
While 
in Display 
Off 
mode, 
the 
seg- 


ments 
and digit drivers 
are all off, leaving 
the display 
lines 
floating, 
so the display 
can be shared 
with other devices. 
In 
this mode, the oscillator 
continues 
to run with a typical 
sup- 


ply current 
of 1.5 mA with 
a 10 MHz crystal, 
but no mea- 


surements 
are made 
and multiplexed 
inputs 
are inactive. 
A 
new 
measurement 
cycle 
will 
be initiated 
when 
the 
HOLD 
input is switched 
to Vss. 


Display 
Test-Display 
will 
turn 
on 
with 
all 
the 
digits 
showing 
8s and 
all decimal 
points 
on. The 
display 
will be 
blanked 
if Display 
Off is selected 
at the same time. 


~ 
1 MHz Select-The 
1 MHz select 
mode 
allows 
use of a 
.•• 
1 MHz crystal 
with 
the 
same 
digit 
multiplex 
rate and time 


C'ol 
between 
measurement 
as with 
a 10 MHz 
crystal. 
This 
is 
"'" 
done 
by dividing 
the oscillator 
frequency 
by 104 rather 
than 
~ 
105. The decimal 
point is also shifted 
one digit to the right in 
- 
period 
and time interval, 
since the least significant 
digit will 


be in p.s increment 
rather 
than 0.1 p.s increment. 


External 
Oscillator 
Enable-In 
this mode, 
the signal 
at 
EXT OSC INPUT 
is used as a timebase 
instead 
of the on- 
board 
crystal 
oscillator 
(built around 
the OSC INPUT, 
OSC 
OUTPUT 
inputs). 
This 
input 
can 
be used 
for an ex1ernal 
stable 
temperature 
compensated 
crystal 
oscillator 
or for 
special 
measurements 
with 
any 
ex1ernal 
source. 
The 
on- 
board 
crystal 
oscillator 
continues 
to work when the external 
oscillator 
is selected. 
This 
is necessary 
to avoid 
hang-up 
problems, 
and has no effect 
on the chip's 
functional 
opera- 


tion. If the on-board 
oscillator 
frequency 
is less than 
1 MHz 
or only 
the 
ex1ernal 
oscillator 
is used, 
THE 
OSC 
INPUT 
MUST 
BE CONNECTED 
TO THE 
EXT OSC INPUT provid- 
ing the timebase 
has enough 
voltage 
swing for OSC INPUT 
(See 
electrical 
characteristics). 
If the 
ex1ernal 
timebase 
is 
TIL 
level 
a pullup 
resistor 
must 
be used for OSC 
INPUT. 


The 
other 
way 
is to 
put a 22 
MO 
resistor 
between 
OSC 
INPUT 
and OSC OUTPUT 
and capacitively 
couple 
the EXT 
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at 
its threshold 
and 
the 
drive 
voltage 
will 
need 
to 
be 
only 
2 Vp_p. The 
ex1ernal 
timebase 
frequency 
must 
be greater 


than 
100 kHz or the chip will reset 
itself to enable 
the on- 
board 
oscillator. 


External 
Decimal 
Point 
Enable-In 
this 
mode, 
the 
EX 
D.P. INPUT 
is enabled 
(ICM7216D 
only). 
A decimal 
point 
will be displayed 
for the digit that its output 
line is connected 
to this 
input 
(EX D.P. INPUT). 
Digit 8 should 
not be used 
since 
it will 
override 
the 
overflow 
output. 
Leading 
zero 
blanking 
is effective 
for the digits to the left of selected 
deci- 
mal point. 


HOLD INPUT 


Except 
in the unit 
counter 
mode, 
when 
the HOLD 
input 
is at VDD, any 
measurement 
in progress 
(before 
STORE 
goes low) is stopped, 
the main counter 
is reset and the chip 
is held 
ready 
to 
initiate 
a new 
measurement 
as soon 
as 
HOLD 
goes 
low. The latches 
which 
hold the main counter 
data are not updated, 
so the last complete 
measurement 
is 
displayed. 
In unit 
counter 
mode 
when 
HOLD 
input 
is at 
VDD, the counter 
is not stopped 
or reset, 
but the display 
is 
frozen 
at that 
instantaneous 
value. 
When 
HOLD 
goes 
low 
the count 
continues 
from the new value 
in the new counter. 


RESET INPUT 


The 
RESET 
input 
resets 
the 
main 
counter, 
stops 
any 
measurement 
in progress, 
and 
enables 
the 
main 
counter 
latches, 
reSUlting in an all zero output. 
A capacitor 
to ground 
will prevent 
any hang-ups 
on power-up. 


MEASUREMENT 
IN PROGRESS 


This output 
is provided 
in ICM7216D. 
It stays 
low during 
measurements 
and 
goes 
high for intervals 
between 
mea- 
surements. 
It is provided 
for 
system 
interfacing 
and 
can 
drive a low power Schottky 
TIL 
or one ECL load if the ECL 
device 
is powered 
from the same supply 
as ICM7216D. 


Decimal Point Position 


Table 
3 shows 
the 
decimal 
point 
position 
for 
different 
modes 
of ICM7216 
operation. 
Note 
that 
the digit 
1 is the 
least 
significant 
digit. 
Table 
is give 
for 
10 MHz 
timebase 
frequency. 
Overflow Indication 


When 
overflow 
happens 
in any 
measurement 
it will 
be 
indicated 
on the decimal 
point of the digit 8. A separate 
LED 
indicator 
can be used. Figure 
6 shows 
how to connect 
this 
indicator. 


Frequency 
Time 
Unit 
Oscillator 
Range 
Frequency 
Period 
Ratio 
Interval 
Counter 
Frequency 


0.01 s/1 Cycle 
D2 
D2 
D1 
D2 
D1 
D2 


0.1 s/10 
Cycle 
D3 
D3 
D2 
D3 
D1 
D3 


1 s/100 
Cycle 
D4 
D4 
D3 
D4 
D1 
D4 


10 s/1k 
Cycle 
D5 
D5 
D4 
D5 
D1 
D5 


Time Interval Measurement 


When 
in the time 
Interval 
mode 
and measuring 
a single 
event 
the ICM7216A1B 
must first be "primed" 
prior to mea- 
suring the event 
of interest. 
This is done 
by first generating 
a negative 
going edge on Channel 
A followed 
by a negative 
going 
edge 
on Channel 
B to start the "measurement 
inter- 
va'''. 
The 
inputs 
are then 
primed 
ready 
for the 
measure- 
ment. 
Positive 
going edges 
on A and B, before 
or after the 
priming, 
will be needed 
to restore 
the original 
condition. 


Priming 
can 
be easily 
accomplished 
using 
the 
circuit 
in 
Figure 
8. 


Following 
the priming 
procedure 
(when 
in single event 
or 
1 cycle 
range) 
the 
device 
is ready 
to measure 
one 
(only) 
event. 


When 
timing 
repetitive 
signals, 
it 
is not 
necessary 
to 


"prime" 
the 
ICM7216A1B 
as 
the 
first 
alternating 
signal 
states 
automatically 
prime the device. 
See Figure 9. 


During 
any 
time 
interval 
measurement 
cycle, 
the 
ICM7216A1B 
requires 
200 ms following 
B going 
low to up- 
date 
all internal 
logic. 
A new 
measurement 
cycle 
will 
not 
take place 
until completion 
of this internal 
update 
time. 
Oscillator Considerations 


The oscillator 
is a high gain CMOS 
inverter. 
An external 
resistor 
of 10MO 
to 22MO 
should 
be connected 
between 
the OSCillator 
INPUT 
and OUTPUT 
to provide 
biasing. 
The 
oscillator 
is 
designed 
to 
work 
with 
a 
parallel 
resonant 
10 MHz quartz crystal 
with a static capacitance 
of 22pF and 
a series 
resistance 
of less than 35 ohms. 


For a specific 
crystal 
and load capacitance, 
the required 
gm can be calculated 
as follows: 


( 
Co 
)2 
gm= 
w2 Cin Cout Rs 
1+ Cl 


( 
CinCout 
) 
where Cl = 
-C, + C 
In 
out 


Co = Crystal 
Static 
Capacitance 


Rs = Crystal 
Series 
Resistance 


Cin = Input Capacitance 


Cout = Output 
Capacitance 


w=27Tf 


The reqUired gm should 
not exceed 
50% of the gm sp~ci- 
fied for the ICM7216 
to insure reliable 
startup. 
The OSCilla- 
tor INPUT and OUTPUT 
pins each contribute 
about 
5pF to 
Cin and Couto For maximum 
stability 
of frequency, 
Cin and 
Cout should 
be 
approximately 
twice 
the 
specified 
crystal 
static 
capacitance. 


In cases where 
non decade 
prescalers 
are used it may be 
desirable 
to use a crystal 
which 
is neither 
10 MHz or 1 MHz. 


In that case both the multiplex 
rate and time between 
mea- 


surements 
will 
be 
different. 
The 
multiplex 
rate 
is 


f 
fose 
fmux=~for10MHzmodeandfmuX=2 
103 
for 
the 
2X104 
x 


2X106. 


1 MHz mode. The time between 
measurements 
is -f--In 
2X 105. 
ose 
the 10 MHz mode 
and --- 
In the 1 MHz mode. 


fose 
The crystal 
and oscillator 
components 
should 
be located 
as close 
to the 
chip 
as practical 
to minimize 
pickup 
from 
other 
signals. 
Coupling 
from the EXTERNAL 
OSCILLATOR 
INPUT to the OSCILLATOR 
OUTPUT 
or INPUT 
can cause 
undesirable 
shifts 
in oscillator 
frequency. 
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Device 
Type 


1 
CD4049B 
Inverting 
Buffer 
2 
CD4070B 
Exclusive-OR • 


·..........I R-- 
. 


3OTO~ 


••••••_ 
I 
nl-+: 
l 
. 
- 


f 
Uf'OAT( 
I. 
HI ••• ING--_ 
••••---- 
••USUAfMEHT 
INTERVAl.. 
••• 
' 
.....--,80'O~ 
, 


I 
I 
--l 
I-- 


MEASUREO 
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,LAm 


2IONMIN. 
MEASuRED 
tNTIERVAL 
(FIRST) 


NOTE: IF RANGE IS SET TO 1 EVENT. FIRST AND LAST MEASURED 
INTERVAL WILL COINCIDE. 


Figure 
9: Waveforms 
for 
Time 
Interval 
Measurement 
(Others 
are 
similar, 
but 
without 
priming 
phase). 


Display Considerations 


The 
display 
is multiplexed 
at a 500 
Hz rate with 
a digit 
time of 244 J-LS,An interdigit 
blanking 
time of 6J-Lsis used to 
prevent 
display 
ghosting 
(faint display 
of data from prevIous 
digit superimposed 
on the next digit). leading 
zero blanking 
is provided, 
which 
blanks 
the left hand zeroes 
after decimal 
point or any non zero digits. Digits to the right of the decimal 
point 
are always 
displayed. 
The 
leading 
zero 
blanking 
will 
be disabled 
when 
the Main Counter 
overflows. 


The ICM7216A 
is designed 
to drive common 
anode 
lED 
displays 
at peak current 
of 25 mAisegment, 
using displays 
with 
VF = 1.8V at 25 mA. The 
average 
DC current 
will 
be 
over 
3 mA under 
these 
conditions. 
The 
ICM72168 
and 
0 
are designed 
to drive 
common 
cathode 
displays 
at peak 
current 
of 15 mAisegment 
using displays 
with VF = 1.8V at 
15 mA. Resistors 
can be added 
in series 
with the segment 
drivers 
to limit the display 
current 
in very efficient 
displays, 
if 
required. 
The 
Typical 
Performance 
Characteristics 
curves 
show the digit and segment 
currents 
as a function 
of output 
voltage. 


To get additional 
brightness 
out of the displays, 
Voo 
may 
be increased 
up to 6.0V. However, 
care should 
be taken to 
see that 
maximum 
power 
and 
current 
ratings 
are not 
ex- 
ceeded. 


The segment 
and digit 
outputs 
in ICM7216's 
are not di- 
rectly 
compatible 
with either TTl 
or CMOS 
logic when 
driv- 
ing lEDs. 
Therefore, 
level 
shifting 
with discrete 
transistors 
may be required 
to use these 
outputs 
as logic signals. 


ACCURACY 


In a Universal 
Counter 
crystal 
drift 
and 
quantization 
ef- 
fects cause 
errors. 
In frequency, 
period 
and time 
interval 
modes, 
a signal derived 
from the oscillator 
is used in either 
the Reference 
Counter 
or Main Counter. 
Therefore, 
in these 
modes 
an error 
in the 
oscillator 
frequency 
will 
cause 
an 
identical 
error in the measurement. 
For instance, 
an oscilla- 
tor temperature 
coefficient 
of 20ppm/"C 
will cause 
a mea- 
surement 
error of 20ppm/"C. 


In addition, 
there 
is a quantization 
error 
inherent 
in any 
digital 
measurement 
of ± 1 count. 
Clearly 
this 
error 
is re- 
duced by displaying 
more digits. In the frequency 
mode the 
maximum 
accuracy 
is obtained 
with 
high frequency 
inputs 
and in period 
mode maximum 
accuracy 
is obtained 
with low 
frequency 
inputs. 
As can be seen 
in Figure 
10. In time 
in- 
terval 
measurements 
there 
can be an error 
of 1 count 
per 
interval. 
As a result 
there 
is the same 
inherent 
accuracy 
in 
all ranges 
as shown 
in Figure 
11. In frequency 
ratio 
mea- 
surement 
can 
be 
more 
accurately 
obtained 
by averaging 
over more cycles 
of INPUT 
8 as shown 
in Figure 
12. 


0353-18 
Figure 10: Maximum 
Accuracy 
of Frequency 
and 
Period Measurements 
Due to Limitations 
of 
Quantization 
Errors 


0353-19 
Figure 11: Maximum 
Accuracy 
of Time Interval 
Measurement 
Due to limitations 
of 
Quantization 
Errors 


0353-20 
Figure 12: Maximum 
Accuracy 
for Frequency 
Ratio Measurement 
Due to Limitation 
of 
Quantization 
Errors 
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APPLICATIONS 


The ICM7216 
has been designed 
for use in a wide range 
of Universal 
and 
Frequency 
counters. 
In many cases, 
pre- 
scalers 
will be required 
to reduce 
the input frequencies 
to 
under 
10 MHz. Because 
INPUT 
A and INPUT 
B are digital 
inputs, 
additional 
circuitry 
is often 
required 
for input buffer- 
ing, amplification, 
hysterisis, 
and 
level 
shifting 
to obtain 
a 
good digital 
signal. 


The ICM7216A 
or B can be used as a minimum 
compo- 
nent 
complete 
Universal 
Counter 
as shown 
in Figure 
13. 


This circuit 
can use input frequencies 
up to 10 MHz at IN- 
PUT A and 2 MHz at INPUT B. If the signal at INPUT A has 
a very low duty cycle it may be necessary 
to use a 74LS121 
monostable 
multivibrator 
or similar 
circuit 
to stretch 
the in- 
put pulse 
width 
to be able 
to guarantee 
that 
it is at least 
50 ns in duration. 
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To measure 
frequencies 
up to 40 MHz the circuit 
of Fig- 
ure 14 can be used. To obtain 
the correct 
measured 
value 
it is necessary 
to divide 
the oscillator 
frequency 
by four a~ 
well as the input frequency. 
In doing this the time between 
measurements 
is also lengthened 
to 800 ms and the display 
multiplex 
rate is decreased 
to 125 Hz. 


If the input frequency 
is prescaled 
by ten, then the oscilla- 


tor can remain 
at 10 or 1 MHz, but the decimal 
point 
must 
be moved 
one digit to the right. Figure 
15 shows 
a frequen- 
cy counter 
with a -;-10 prescaler 
and an ICM7216A. 
Since 


there 
is 
no 
ex1ernal 
decimal 
point 
control 
with 
the 
ICM7216A1B, 
the decimal 
point may be controlled 
external- 


ly with additional 
drivers 
as shown 
in Figure 
15. Alternative- 
ly, if separate 
anodes 
are available 
for the decimal 
points, 


they can be wired up to the adjacent 
digit anodes. 
Note that 
there 
can be one zero to the left of the decimal 
point since 
the 
internal 
leading 
zero 
blanking 
cannot 
be changed. 
In III 
Figure 16 additional 
logic has been added to count the input 
directly 
in period 
mode 
for maximum 
accuracy. 
In Figures 
15 and 16, INPUT A comes 
from Qc of the prescaler 
rather 


than QD to obtain 
an input duty cycle 
of 40%. 
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GENERAL 
DESCRIPTION 


The ICM7217 
is a four digit, presettable 
up/down 
counter 
with an onboard 
presettable 
register 
continuously 
compared 
to the 
counter. 
The 
ICM7217 
is intended 
for use in hard- 
wired applications 
where 
thumbwheel 
switches 
are used for 
loading 
data, 
and simple 
SPOT switches 
are used for chip 
control. 


This circuit 
provides 
multiplexed 
7 segment 
LED display 
outputs, 
with common 
anode 
or common 
cathode 
configu- 
rations 
available. 
Digit and segment 
drivers 
are provided 
to 
directly 
drive displays 
of up to 0.8" 
character 
height 
(com- 
mon anode) 
at a 25% 
duty cycle. 
The frequency 
of the on- 
board 
multiplex 
oscillator 
may 
be controlled 
with 
a single 
capacitor, 
or the oscillator 
may be allowed 
to free run. Lead- 
ing zeros can be blanked. 
The data appearing 
at the 7 seg- 


ment and BCD outputs 
is latched; 
the content 
of the coun- 
ter is transferred 
into the latches 
under 
external 
control 
by 
means 
of the Store 
pin. 


The ICM7217 
(common 
anode) 
and ICM7217A 
(common 
cathode) 
versions 
are decade 
counters, 
providing 
a maxi- 
mum count 
of 9999, while 
the ICM7217B 
(common 
anode) 
and 
ICM7217C 
(common 
cathode) 
are intended 
for timing 
purposes, 
providing 
a maximum 
count 
of 5959. 


This circuit 
provides 
3 main outputs; 
a CARRY /BORROW 
output, 
which 
allows 
for 
direct 
cascading 
of 
counters, 
a 
ZERO 
output, 
which 
indicates 
when 
the count 
is zero, and 
an EQUAL 
output, 
which 
indicates 
when 
the count 
is equal 


to the value contained 
in the register. 
Data is multiplexed 
to 
and 
from 
the 
device 
by means 
of a three-state 
BCD 
I/O 
port. The CARRY/BORROW, 
EQUAL, 
ZERO 
outputs, 
and 


the BCD port will each drive one standard 
TTL load. 


To permit 
operation 
in noisy environments 
and to prevent 
multiple 
triggering 
with slowly 
changing 
inputs, the count 
in- 


put is provided 
with a Schmitt 
trigger. 


Input frequency 
is guaranteed 
to 2MHz, 
although 
the de- 
vice will typically 
run with fin as high as 5MHz. Counting 
and 
comparing 
(EQUAL 
output) 
will typically 
run 750kHz 
maxi- 


mum. 


Up/Down Counter 


FEATURES 


• Four 
Decade, 
Presettable 
Up-Down 
Counter 
With 
Parallel 
Zero 
Detect 


• Settable 
Register 
With 
Contents 
Continuously 
Compared 
to Counter 


• Directly 
Drives 
Muitiplexed 
7 Segment 
Common 
Anode 
or Common 
Cathode 
LED Displays 


• On-Board 
Multiplex 
Scan 
Oscillator 


• Schmitt 
Trigger 
On Count 
Input 


• TTL 
Compatible 
BCD I/O 
Port, 
Carry/Borrow, 
Equal, 
and 
Zero 
Outputs 


• Display 
Blank 
Controi 
for 
Lower 
Power 
Operation; 
Quiescent 
Power 
Dissipation 
<5mW 


• All Terminals 
Fully 
Protected 
Against 
Static 
Discharge 


• Single 
5V Supply 
Operation 


Part 
Temperature 
Display 
Driver 
Count 
Optlon/ 
Number 
Range 
Package 
Type 
MaxCount 


ICM7217AIPI 
-250C 
to +850C 
26 Pin Plastic 
DIP 
Common 
Cathode 
Decade/9999 


ICM7217CIPI 
-250C 
to +650C 
26 Pin Plastic 
DIP 
Common 
Cathode 
Timing/5959 


ICM72171JI 
-250C 
to +650C 
26 Pin CERDIP 
Common 
Anode 
Decade/9999 


ICM7217BIJI 
-250C 
to +650C 
26 Pin CERDIP 
Common 
Anode 
Timing/5959 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHALL 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
202816-004 


CARRY/BORROW 


ZERO 


EQUAL 


BCD I/o 
B's 


BCD I/O 
4's 


BCD I/o 
Z's 


BCD I/O 
1's 


COUNT 
INPUT 


STORE 


UP/DOWN 


LOAD 
REGISTER/OFF 


LOAD 
COUNTER/IIO 
OFF 


SCAN 


RESET 


01 


DZ 


03 


04 


Voo 


DISPLAY 
CONT. 


SEGg 


SECb 


VSS 


SEGe 


SECt 


SEG<! 


SEe.. 


SECc 


CARRY/BORROW 


ZERO 


EQUAL 


BCD I/O 
8's 


BCD I/O 
4's 


BCD I/O 
Z's 


BCD I/O 
1's 


COUNT 
INPUT 


STORE 


UP/DOWN 


LOAD 
REGISTER/OFF 


LOAD 
COUNTER/IIO 
OFF 


SCAN 


RESET 


."X,I/O 
AND 
lXSPLJ.Y 


CONTROl 
lOGIC 


SEG<! 


SECb 


SECt 


SECc 


Voo 


SEe.. 


SEGe 


SEGg 


DISPLAY 
CONT. 


Vss 


01 


DZ 


03 


04 
II 
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ABSOLUTE 
MAXIMUM 
RATINGS 
g 
Supply Voltage 
(Voo 
- 
VSS) 
6V 
Input Voltage 
(any terminal) 
(VSS - 
0.3)V to 
(Note 2) 
(Voo 
+ 0.3)V 
Power Dissipation 
(common 
anode/Cerdip) 
1W 
(Note 1) 


Power Dissipation 
(common 
cathode/Plastic) 
0.5W 
(Note 
1) 
Operating 
Temperature 
Range 
- 25'C to + 85'C 
Storage 
Temperature 
Range 
. . .. 
- 65'C 
to + 150'C 
Lead Temperature 
(Soldering, 
10sec) 
300'C 


NOTE: 
Strssses 
above 
those listed undsr 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to thB devicB. 
These Bfe slrBss ratings only and functional 


operation 
of the device aHhese 
or any other conditions 
above 
those indicated 
in the operationsl 
sections 
of the specifications 
is not implied. 
Exposure 
to absoluts 


maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


.ELECTRICAL CHARACTERISTICS 
(Voo= 
5V, VSS = OV, TA = 25'C, 
Display 
Diode Drop 1.7V, unless 


otherwise 
specified) 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Unit 


100 
Supply Current 
Display Off, LC, DC, UP/DN, 


(7217) 
(Lowest 
power mode) 
ST, RS, BCD I/O Floating 
or at Voo (Note 3) 
350 
500 
",A 


lOp 
Supply Current 
Common 
Anode, 
Display On, all "8's" 
140 
200 
mA 


OPERATING 
Common 
Cathode, 
Display On, all "8's" 
50 
100 
mA 


Voo 
Supply Voltage 
4.5 
5 
5.5 
V 


IOIG 
Digit Driver output 
Common 
anode, 
VOUT=VOO 
-2.0V 
140 
-200 
mA 


current 
peak 


ISEG 
SEGment 
driver 
Common 
anode, 
VOUT= 
+1.5V 
20 
35 
mA 


output current 
peak 


IOIG 
Digit Driver 
Common 
cathode, 
VOUT = + 1.0V 
-50 
-75 
mA 


output 
current 
peak 


ISEG 
SEGment 
driver 
Common 
cathode 
VOUT=VOO 
-2V 
-9 
-12.5 
mA 


output 
current 
peak 


Ip 
ST, RS, UP/DN 
input 
VIN=VOO 
-2V 
(See Note 3) 
5 
25 
",A 
pullup current 


ZIN 
3 level input impedance 
40 
350 
kO 


VSIH 
BCD I/O input 
ICM7217 
common 
anode (Note 4) 
1.5 
V 


high voltage 
ICM7217 
common 
cathode 
(Note 4) 
4.40 
V 


VSll 
BCD I/O input 
ICM7217 
common 
anode (Note 4) 
0.60 
V 


lowvollage 
ICM7217 
common 
cathode 
(Note 4) 
3.2V 
V 


IsPU 
BCD I/O input 
ICM7217 
common 
cathode 
VIN=VOO 
-2V 
5 
25 
",A 
pull up current 
(Note 3) 


IsPO 
BCD I/O input 
ICM7217 
common 
anode VIN = + 2V (Note 3) 
5 
25 
",A 
pulldown 
current 


VOH 
BCD I/O, ZERO, 
EQUAL Outputs 
IOH= -100",A 
3.5 
V 
output 
high voltage 


VOL 
BCD I/O, CARRY/BORROW 
IOl =1.6mA 
0.4 
V 
ZERO, 
EQUAL Outputs 


output 
low voltage 


fin 
Count input frequency 
-20'C<TA 
< + 70'C 
5 
MHz 


Guaranteed 
0 
2 


VTH 
Count input threshold 
(Note 5) 
2 
V 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
(Voo = SV, Vss = OV, TA = 2S'C, Display 
Diode Drop 1.7V, 


unless otherwise 
specified) 


Symbol 
Parameter 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


VHYS 
Count input hysteresis 
(NoteS) 
O.S 
V 


VCIL 
Count input La 
0.40 
V 


VCIH 
Count Input HI 
3.S 
V 


fds 
Display scan 
Free-running 
(SCAN terminal 
open circuit) 
2.S 
10 
kHz 


oscillator 
frequency 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


tUGs 
UP/DOWN 
setup time 
300 


tUGh 
UP/DOWN 
hold time 
1S00 
7S0 


teWh 
COUNT 
pulse width high 
2S0 
100 


teWI 
COUNT 
pulse width low 
2S0 
100 


tes 
COUNT 
to CARRY /BORROW 
delay 
7S0 
ns 


tsw 
CARRY /BORROW 
pulse width 
100 


teE 
COUNT 
to EQUAL delay 
SOO 


tez 
COUNT 
to ZERO delay 
300 


tRST 
RESET pulse width 
1000 
SOO 


NOTES: 1. These limits refer to the package and will not be obtained during normal operation. 
2. Due to the SeA 
structure inherent in the CMOS process used to fabricate these devices, connecting 
any terminal to a voltage greater than VOD or less 


than Vss may cause destructive 
device latchup. For this reason it is recommended 
that the power supply to the device be established 
before any inputs 


are applied and that in multiple systems the supply to the ICM7217 be turned on first. 


3. In the ICM7217 the UP/DOWN, 
STORE. RESET and the BCD 110 as inputs have pullup or pulldown devices which consume power when connected 
to 


the opposite 
supply. Under these conditions. 
with the display off, the device will consume typically 750 f.LA. 


4. These voltages 
are adjusted 
to allow the use of thumbwheel 
switches 
for the ICM7217. 
Note that a high level is taken as an input logic zero for 


ICM7217 common-cathode 
versions. 


5. Parameters 
not tested (Guaranteed 
by Design). 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(DIGIT AND SEGMENT 
DRIVERS) 
- 
. 


TypicallOIG 
YS.V + 


-VOUT, 4.5V~V+ 
~6.0V 


0354-10 
TyplcallOIGIT 
YS.VOUT 


0354-12 
TypicaiiSEG 
YS.VOO-VOUT, 
4.5~VOO-VSS~6.0V 


DETAILED 
DESCRIPTION 
Control Outputs 


The CARRY/BORROW 
output 
is a positive 
going 
pulse 
occurring 
typically 
500ns 
after 
the 
positive 
going 
edge 
of 
the COUNT 
INPUT. 
It occurs 
when 
the counter 
is clocked 
from 9999 to 0000 when counting 
up and from 0000 to 9999 
when counting 
down. 
This output 
allows direct cascading 
of 
counters. 
The CARRY/BORROW 
output 
is not valid during 
load counter 
and reset 
operation. 
When 
the count 
is 6000 
or higher, 
a reset generates 
a CARRY/BORROW 
pulse. 


The 
EQUAL 
output 
assumes 
a negative 
level 
when 
the 
contents 
of the counter 
and register 
are equal. 


The 
ZERO 
output 
assumes 
a negative 
level 
when 
the 
content 
of the counter 
is 0000. 


The CARRY/BORROW, 
EQUAL 
and ZERO 
outputs 
will 
drive a single TIL 
load over the full range of supply voltage 
and ambient 
temperature; 
for a logic zero, these outputs 
will 
sink 
1.6mA 
@ 0.4V 
and 
for 
a logic 
one, 
the 
outputs 
will 
source>60,.A. 
A 
10kfl 
pull-up 
resistor 
to 
Voo 
on 
the 
EQUAL 
or 
ZERO 
outputs 
is 
recommended 
for 
highest 
speed 
operation, 
and 
on 
the 
CARRY/BORROW 
output 
when 
it is being used for cascading. 
Figure 5 shows 
control 
outputs 
timing 
diagram. 
Display Outputs and Control 


The Digit and SEGment 
drivers 
provide 
a decoded 
7 seg- 
ment 
display 
system, 
capable 
of directly 
driving 
common 
anode 
LED displays 
at typical 
peak currents 
of 35mA/seg. 
This corresponds 
to average 
currents 
of SmA/seg 
at a 25% 
multiplex 
duty 
cycle. 
For 
the 
common 
cathode 
versions, 
peak segment 
currents 
are 12.5mA, 
corresponding 
to aver- 
age segment 
currents 
of 3.1 mA. Figure 
4 shows 
the multi- 
plex 
timing. 
The 
DISPLAY 
pin controls 
the 
display 
output 
using 
three 
level 
logic. 
The 
pin is self-biased 
to a voltage 
approximately 
% (Voo); 
this corresponds 
to normal 
opera- 
tion. When 
this pin is connected 
to Voo, 
the segments 
are 
disabled 
and 
when 
connected 
to 
Vss, 
the 
leading 
zero 
blanking 
feature 
is inhibited. 
For normal 
operation 
(display 
on with 
leading 
zero blanking) 
the pin should 
be left open. 


The 
display 
may 
be 
controlled 
with 
a 
3 
position 
SPOT 
switch; 
see Figure 
3. 


Multiplex SCAN Oscillator 


The 
on-board 
multiplex 
scan 
oscillator 
has 
a 
nominal 
free-running 
frequency 
of 2.5kHz. 
This 
may be reduced 
by 
the 
addition 
of a single 
capacitor 
between 
the 
SCAN 
pin 
and the positive 
supply. 
Capacitor 
values 
and correspond- 
ing nominal 
oscillator 
frequencies, 
digit repetition 
rates, and 
loading 
times 
are shown 
in Table 
1 below. 


Table 
1: ICM7217 
Multiplexed 
Rate 
Control 


Nominal 
Digit 
Scan Cycle 


Scan 
Oscillator 
Repetition 
Time 


Capacitor 
Frequency 
Rate 
(4 digits) 


None 
2.5kHz 
625Hz 
1.6ms 


20pF 
1.25kHz 
300Hz 
3.2ms 


90pF 
600Hz 
150Hz 
Sms 


•••.•. 
(If 
••• 
The internal 
oscillator 
output 
has a duty cycle 
of approxi- 
:I 
mately 25:1, providing 
a short pulse occurring 
at the oscilla- 
~ 
tor 
frequency. 
This 
pulse 
clocks 
the 
four-state 
counter 
which 
provides 
the four 
multiplex 
phases. 
The short 
pulse 
width 
is used to delay 
the digit driver 
outputs, 
thereby 
pro- 
viding 
inter-digit 
blanking 
which 
prevents 
ghosting. 
The dig- 
its are scanned 
from 
MSD (04) 
to LSD (01). 
See Figure 
4 
for the display 
digit multiplex 
timing. 


During 
load 
counter 
and 
load 
register 
operations, 
the 
multiplex 
oscillator 
is disconnected 
from 
the 
SCAN 
input 
and is allowed 
to free-run. 
In all other conditions, 
the oscilla- 
tor may be directly 
overdriven 
to about 
20kHz, 
however 
the 
external 
oscillator 
signal 
should 
have 
the same 
duty cycle 
as the internal 
signal, since the digits are blanked 
during the 
time the external 
signal is at a positive 
level (see Figure 4). 
To insure 
proper 
leading 
zero blanking, 
the interdigit 
blank- 
ing time should 
not be less than about 2,.s. 
Overdriving 
the 
oscillator 
at less than 200Hz 
may cause 
display 
flickering. 


The display 
brightness 
may be altered 
by varying 
the duty 
cycle. 
Figure 7 shows 
several 
variable-duty-cycle 
oscillators 
suitable 
for brightness 
control 
at the ICM7217 
SCAN 
input. 


The inverters 
should 
be CMOS 
CD4000 
series 
and the di- 
odes 
may be any inexpensive 
device 
such as IN914. 
Counting Control, STORE, RESET 


As shown 
in Figure 
5, the counter 
is incremented 
by the 
rising edge of the COUNT 
INPUT signal when 
UP/DOWN 
is 
high. It is decremented 
when 
UP/DOWN 
is low. A Schmitt 
trigger 
on the COUNT 
INPUT provides 
hysteresis 
to prevent 
double 
triggering 
on slow 
rising 
edges 
and 
permits 
opera- 
tion in noisy environments. 
The COUNT 
INPUT 
is inhibited 
during 
reset and load counter 
operations. 


The STORE 
pin controls 
the internal 
latches 
and conse- 
quently 
the 
signals 
appearing 
at the 
7-segment 
and 
BCD 
outputs. 
Bringing 
the STORE 
pin low transfers 
the contents 
of the counter 
into the latches. 


The counter 
is asynchronously 
reset to 0000 
by bringing 
the RESET pin low. The circuit 
performs 
the reset operation 
by forcing 
the BCD input lines to zero, and "presetting" 
all 
four 
decades 
of counter 
in parallel. 
This 
affects 
register 
loading; 
if LOAD 
REGISTER 
is activated 
when 
the RESET 
input 
is 
low, 
the 
register 
will 
also 
be 
set 
to 
zero. 
The 
STORE, 
RESET and UP/DOWN 
pins are provided 
with pull- 
up resistors 
of approximately 
75kfl. 
BCD I/O Pins 


The BCD I/O 
port provides 
a means 
of transferring 
data 
to and from the device. The ICM7217 
versions 
can multiplex 
data 
into the counter 
or register 
via thumbwheel 
switches, 


depending 
on 
inputs 
to 
the 
LOAD 
COUNTER 
or 
LOAD II 
REGISTER 
pins; (see below). 
When functioning 
as outputs, 
the 
BCD 
I/O 
pins will drive 
one 
standard 
TIL 
load. Com- 
mon anode 
versions 
have internal 
pull down 
resistors 
and 
common 
cathode 
versions 
have internal 
pull up resistors 
on 
the four BCD I/O 
lines when 
used as inputs. 
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LOADing the COUNTER and REGISTER 


The BCD 1/0 pins, the LOAD COUNTER 
(LC), and LOAD 
REGISTER 
(LR) 
pins 
combine 
to 
provide 
presetting 
and 
compare 
functions. 
LC and LR are three-level 
inputs, 
being 
self-biased 
at approximately 
Y.Voo 
for 
normal 
operation. 
With 
both 
LC and 
LR open, 
the 
BCD 
I/O 
pins 
provide 
a 
multiplexed 
BCD output 
of the latch contents, 
scanned 
from 
MSD to LSD by the display 
multiplex. 


When 
either 
the 
LOAD 
COUNTER 
(Pin 
12) 
or 
LOAD 
REGISTER 
(Pin 11) is taken 
low, the drivers 
are turned 
off 
and the BCD pins become 
high-impedance 
inputs. When LC 
is connected 
to Voo. the 
count 
input 
is inhibited 
and the 
levels 
at the 
BCD 
pins 
are 
multiplexed 
into 
the 
counter. 
When 
LR is connected 
to Voo, the levels 
at the BCD pins 
are multiplexed 
into the register 
without 
disturbing 
the coun- 
ter. When 
both are connected 
to Voo. the count 
is inhibited 
and both register 
and counter 
will be loaded. 


The LOAD 
COUNTER 
and LOAD 
REGISTER 
inputs 
are 
edge-triggered, 
and 
pulsing 
them 
high 
for 500ns 
at room 
temperature 
will initiate 
a full sequence 
of data entry cycle 
operations 
(see Figure 
9). When 
the circuit 
recognizes 
that 
either 
or both 
of the LC or LR pins input is high, the multi- 
plex 
oscillator 
and counter 
are reset 
(to D4). The 
internal 
oscillator 
is then 
disconnected 
from 
the SCAN 
pin and the 
preset 
circuitry 
is enabled. 
The 
oscillator 
starts 
and 
runs 
with a frequency 
determined 
by its internal 
capacitor, 
(which 
may vary from chip to chip). When 
the chip finishes 
a full 4 
digit multiplex 
cycle 
(loading 
each digit from D4 to D3 to D2 
to D1 in turn), 
it again 
samples 
the 
LOAD 
REGISTER 
and 
LOAD 
COUNTER 
inputs. 
If either 
or both is still high, it re- 
peats the load cycle. if both are floating 
or low, the oscillator 
is reconnected 
to the 
SCAN 
pin and 
the 
chip 
returns 
to 
normal 
operation. 
Total 
load 
time 
is digit 
"on" 
time 
multi- 
plied 
by 4. If the Digit outputs 
are used to strobe 
the BCD 
data into the BCD I/O inputs, 
the input must be synchroniz- 
ed to the 
appropriate 
digit 
(Figure 
9). Input 
data 
must 
be 
valid at the trailing 
edge of the digit output. 


When 
LR is connected 
to GROUND, 
the oscillator 
is in- 
hibited, 
the BCD 1/0 
pins go to the high impedance 
state, 


and the segment 
and digit drivers 
are turned 
off. This allows 
the 
display 
to be used 
for 
other 
purposes 
and 
minimizes 
power 
consumption. 
In this display 
off condition, 
the circuit 
will continue 
to count, 
and the CARRY IBORROW, 
EQUAL, 


ZERO. 
UPIDOWN, 
RESET 
and STORE 
functions 
operate 
as normal. 
When 
LC is connected 
to ground. 
the BCD 110 
pins are forced 
to the high impedance 
state without 
disturb- 
ing the counter 
or register. 
See "Control 
Input 
Definitions" 
(Table 
2) for a list of the pins that 
function 
as three-state 
self-biased 
inputs 
and their respective 
operations. 


Note that the ICM7217 
and 7217B 
have been designed 
to 
drive 
common 
anode 
displays. 
The 
BCD 
inputs 
are 
high 
true, as are the BCD outputs. 


The ICM7217A 
and the 7217C 
are used to drive common 
cathode 
displays, 
and 
the 
BCD 
inputs 
are 
low true. 
BCD 
outputs 
are high true. 
Notes on Thumbwheel Switches & 
Multiplexing 


As it was mentioned. 
the ICM7217 
is basically 
designed 
to be used with thumbwheel 
switches 
for loading 
the data to 
the device. 
See Figures 
11 and 14. 


The thumbwheel 
switches 
used with these 
circuits 
(both 
common 
anode 
and common 
cathode) 
are TRUE 
BCD cod- 
ed; i.e. all switches 
open 
corresponds 
to 0000. 
Since 
the 
thumbwheel 
switches 
are 
connected 
in 
parallel, 
diodes 
must 
be provided 
to 
prevent 
crosstalk 
between 
digits. 
In 
order 
to maintain 
reasonable 
noise 
margins, 
these 
diodes 
should 
be specified 
with low forward 
voltage 
drops 
(IN914). 
Similarly, 
if the BCD outputs 
are to be used, resistors 
should 
~ 
be inserted 
in the Digit lines to avoid 
loading 
problems. 
••• 


Input 
Terminal 
Voltage 
Function 


STORE 
9 
VDD (or floating) 
Output 
latches 
not updated 


Vss 
Output 
latches 
updated 


UP/DOWN 
10 
VDD (or floating) 
Counter 
counts 
up 


Vss 
Counter 
counts 
down 


RESET 
14 
VDD (or floating) 
Normal Operation 


Vss 
Counter 
Reset 


lOAD 
COUNTER/ 
12 
Unconnected 
Normal operation 


I/O OFF 
VDD 
Counter 
loaded with BCD data 


Vss 
BCD port forced 
to Hi Z condition 


lOAD 
REGISTER/ 
11 
Unconnected 
Normal operation 


OFF 
VDD 
Register 
loaded with BCD data 


Vss 
Display drivers disabled; 
BCD port 


forced 
to Hi Z condition, 
mpx counter 


reset to D4; mpx oscillator 
inhibited 


DISPLAY 
CONTrol 
23 Common 
Anode 
Unconnected 
Normal 
Operation 


20 Common 
Cathode 
VDD 
Segment 
drivers 
disabled 


Vss 
leading 
zero blanking 
inhibited 


Output and Input Restrictions 


lOAD 
COUNTER 
and lOAD 
REGISTER 
operations 
take 
1.6ms typical 
(5ms maximum) 
after 
lC 
or lR 
are released. 


During 
this load period 
the EQUAL 
and ZERO 
outputs 
are 
not valid (see Figure 
9). Since the Counter 
and register 
are 
compared 
by XOR 
gates, 
loading 
the 
counter 
or register 
can 
cause 
erroneous 
glitches 
on 
the 
EQUAL 
and 
ZERO 
outputs 
when 
codes 
cross. 


lOAD 
COUNTER 
or lOAD 
REGISTER, 
and RESET input 
can 
not 
be activated 
at the 
same 
time 
or within 
a short 
period 
of each 
other. 
Operation 
of each 
input 
must be de- 
layed 
1.6ms 
typical 
(5ms for guaranteed 
proper 
operation) 
relating 
to the preceding 
one. 


Counter 
and 
register 
can 
be 
loaded 
together 
with 
the 


same value if lC 
and lR 
inputs become 
activated 
exactly 
at 


the same time. 


Notice 
the setup and hold time of UP/DOWN 
input when 
it is changing 
during 
counting 
operation. 
Violation 
of 
UP/ 
DOWN 
hold time will result in incrementing 
or decrementing 
the counter 
by 1000, 
100 or 10 where 
the preceding 
digit is 
transitioning 
from 
5 to 6 or 6 to 5. 


The RESET 
input may be susceptible 
to noise if its input 
rise time is greater 
than 
about 
500JLs. 
This will present 
no 
problems 
when 
this 
input 
is driven 
by active 
devices 
(i.e., 
TTl 
or CMOS 
logic) but in hardwired 
systems 
adding virtual- 
ly any capacitance 
to the RESET 
input can cause trouble. 
A 
simple 
circuit 
which 
provides 
a reliable 
power-up 
reset and 
a fast rise time on the RESET 
input is shown 
on Figure 7. 
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1C117211 
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When using the circuit as a programmable 
divider 
(-T by n 
with equal outputs) 
a short time delay (about 
1JLs) is needed 
from 
the 
EQUAL 
output 
to the RESET 
input to establish 
a 
pulse of adequate 
duration. 
(See Figure 
8) 
I 
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When 
the 
circuit 
is configured 
to reload 
the 
counter 
or 
register 
with a new value from the BCD lines (upon reaching 
EQUAL), 
loading 
time will be digit 
"on" 
time 
multiplied 
by 
four. If this load time is longer 
than one period 
of the input 
count, 
a count 
can be lost. Since 
the circuit 
will retain 
data 
in the 
register, 
the register 
need 
only 
be updated 
when 
a 
new value 
is to be entered. 
RESET 
will not clear the regis- 


ter. 
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Note: If the BCD pins are to be used for outputs a 10kn resistor should be placed in series with each digit line to avoid loading problems through the switches. 


Figure 10: Thumbwheel 
Switch/Diode 
Connections 
II 
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Figure 11: Driving 3-Levellnputs 
of ICM7217 
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APPLICATIONS 


3-LEVEL INPUTS 
ICM7217 has three inputs with 3-level logic states; High, 
Low and Disconnected. These inputs are: LOAD REGIS- 
TER/OFF, 
LOAD 
COUNTER/I/O 
OFF 
and 
DISPLAY 
CONT. 


The circuits illustrated on Figure 11 can be used to drive 
these inputs in different applications. 


FIXED DECIMAL 
POINT 
In the common anode versions. a fixed decimal point may 
be activated by connecting the D.P. segment lead from the 
appropriate digit (with separate digit displays) through a 
390 series resistor to Ground. With common cathode de- 
vices, the D.P. segment lead should be connected through 
a 750 series resistor to VDD. 
To force the device to display leading zeroes after a fixed 
decimal point, use a bipolar transistor and base resistor in a 
configuration like that shown below with the resistor con- 
nected to the digit output driving the D.P. for left hand D.P. 
displays. and to the next least significant digit output for 
right hand D.P. display. 
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Figure 12: Forcing 
Leading Zero Display 


DRIVING 
LARGER .DISPLAYS 
For displays requiring more current than the ICM7217 can 
provide, the circuits of Figure 13 can be used. 


LCD DISPLAY INTERFACE 
The low-power operation of the ICM7217 makes an LCD 
interface desirable. The Harris ICM7211 4 digit BCD to LCD 
display driver easily interfaces to the ICM7217 as shown in 
Figure 14. Total system power consumption is less than 
5mW. System timing margins can be improved by using ca- 
pacitance to ground to slow down the BCD lines. 


The 10 - 20kO resistors on the switch BCD lines serve to 
isolate the switches during BCD output. 


CommonAnodeDisplay 
CommonCathodeDisplay 


Figure 13: Driving 
High Current 
Displays 
II 
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UNIT COUNTER 
WITH BCD 'OUTPUT 


The simplest 
application 
of the ICM7217 
is a 4 digit unit 
counter 
(Figure 
15). All that 
is required 
is an ICM7217, 
a 
power supply and a 4 digit display. 
Add a momentary 
switch 
for reset, 
an SPOT center-off 
switch 
to blank the display 
or 
view 
leading 
zeroes, 
and 
one 
more 
SPOT 
switch 
for 
up/ 
down 
control. 
Using an ICM7217A 
with a common-cathode 
calculator-type 
display 
results 
in the least expensive 
digital 
counter/display 
system 
available. 


INEXPENSIVE 
FREQUENCY COUNTER/ 
TACHOMETER 


This circuit 
uses the low power 
ICM7555 
(CMOS 
555) to 
generate 
the gating, 
STORE 
and RESET 
signals 
as shown 
in Figure 
16. To provide 
the gating 
signal, 
the timer 
is con- 
figured 
as an astable 
multivibrator, 
using 
RA' Rs and C to 
provide 
an output 
that is positive 
for approximately 
one sec- 
ond and negative 
for approximately 
300 - 500,...s. The posi- 
tive waveform 
time is given by twp = 0.693 
(RA + Rs)C while 
the 
negative 
waveform 
is given 
by twn = 0.693 
RsC. 
The 
system 
is calibrated 
by using a 5Mf1 
potentiometer 
for RA 
as a "coarse" 
control 
and a 1kf1 potentiometer 
for Rs as a 
"fine" 
control. 
CD401 06B's 
are used as a monostable 
multi- 
vibrator 
and reset time delay. 


TAPE RECORDER 
POSITION 
INDICATOR/CONTROLLER 


The circuit 
in Figure 
17 shows 
an application 
which 
uses 
the up/down 
counting 
feature 
of the ICM7217 
to keep track 
of tape 
position. 
This circuit 
is representative 
of the 
many 
applications 
of up/down 
counting 
in monitoring 
dimensional 
position. 


In the tape 
recorder 
application, 
the 
LOAD 
REGISTER, 
EQUAL 
and ZERO outputs 
are used to control 
the recorder. 


To make the recorder 
stop at a particular 
point on the tape, 
the register 
can be set with the stop point 
and the EQUAL 
output 
used to stop the recorder 
either on fast forward, 
play 
or rewind. 


To make the recorder 
stop before 
the tape comes 
free of 
the reel on rewind, 
a leader 
should 
be used. 
Resetting 
the 
counter 
at the starting 
point of the tape, a few feet from the 
end 
of the 
leader, 
allows 
the ZERO 
output 
to be used 
to 
stop the recorder 
on rewind, 
leaving 
the leader 
on the reel. 


The 1Mf1 resistor 
and .0047,...F capacitor 
on the COUNT 
INPUT 
provide 
a time constant 
of about 
5ms to debounce 
the reel switch. The Schmitttrigger 
on the COUNT 
INPUT of 
the ICM7217 
squares 
up the signal before 
applying 
it to the 
counter. 
This technique 
may be used to debounce 
switch- 


closure 
inputs 
in other 
applications. 
PRECISION 
ELAPSED TIME/ 
COUNTDOWN 
TIMER 


The circuit 
in Figure 
18 uses an ICM7213 
precision 
one 
minute/one 
second 
timebase 
generator 
using a 4.1943MHz 
crystal 
for generating 
pulses counted 
by an ICM7217B. 
The 
thumbwheel 
switches 
allow 
a starting 
time 
to 
be entered 
into the counter 
for a preset-countdown 
type timer, 
and 111- 
low the 
register 
to be set 
for compare 
functions. 
For 
in- 
stance, 
to make a 24-hour 
clock 
with BCD output 
the regis- 
ter can be preset 
with 2400 and the EQUAL 
output 
used to 
reset the counter. 
Note the 10k resistor 
connected 
between 
the 
LOAD 
COUNTER 
terminal 
and 
Ground. 
This 
resistor 
pulls 
the 
LOAD 
COUNTER 
input 
low 
when 
not 
loading, 


thereby 
inhibiting 
the 
BCD 
output 
drivers. 
This 
resistor 
should 
be eliminated 
and SW4 replaced 
with an SPOT cen- 
ter-off 
switch 
if the BCD outputs 
are to be used. 


ICM7217 
•••.•. 
(It 
•••:I 
Y 
CARRY 
1 
21· 
7 MOMENTS 
ZERO 
2 
25-. 


BCD 
C~:=BBBB 
110 
leM 
7217A 
24 
DISPLAY 
Voo 


msliI 
CONTROL 
BLANK 
20 
NORMAL 
INHIBITUB 
1• 
....L 
':" 
14 
15-1. 
4 DIGITS 


0354-25 
Figure 15: Unit Counter 
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This 
technique 
may 
be used 
on any 3-level 
input. 
The 
100k!} 
pullup 
resistor 
on the count 
input is used to ensure 
proper 
logic 
voltage 
swing 
from 
the 
ICM7213. 
For a less 
expensive 
(and less accurate) 
timebase, 
an ICM7555 
timer 
may be used in a configuration 
like that shown 
in Figure 
16 
to generate 
a 1Hz reference. 


8-DIGIT 
UP/DOWN 
COUNTER 


This 
circuit 
(Figure 
19) shows 
how to cascade 
counters 
and 
retain 
correct 
leading 
zero 
blanking. 
The 
NAND 
gate 
detects_ whe.!her 
a digit is active 
since 
one of the two seg- 
ments 
a or b is active 
on any unblanked 
number. 
The flip 
flop is clocked 
by the least significant 
digit of the high order 
counter, 
and if this digit is not blanked, 
the Q output 
of the 
flip flop goes high and turns on the NPN transistor, 
thereby 
inhibiting 
leading 
zero blanking 
on the low order counter. 


It is possible 
to use separate 
thumbwheel 
switches 
for 
presetting, 
but since the devices 
load data with the oscilla- 
tor free-running, 
the multiplexing 
of the two devices 
is diffi- 
cult to synchronize. 


PRECISION 
FREQUENCY COUNTER/ 
TACHOMETER 


The circuit shown 
in Figure 20 is a simple implementation 
of a four 
digit 
frequency 
counter, 
using 
an 
ICM7207A 
to 
provide 
the one second 
gating window 
and the STORE 
and 
RESET signals. 
In this configuration, 
the display 
reads hertz 


directly. 
With 
Pin 11 of the 
ICM7027 A connected 
to Voo, 


the gating 
time will be 0.1 second; 
this will display 
tens of 
hertz at the least 
significant 
digit. 
For shorter 
gating 
times, 
an ICM7207 
may be used (with a 6.5536MHz 
crystal), 
giving 
a 0.01 second 
gating 
with Pin 11 connected 
to Voo, 
and a 
0.1 second 
gating with Pin 11 open. 


To implement 
a four digit tachometer, 
the ICM7207A 
with 
one 
second 
gating 
should 
be used. 
To get the 
display 
to 
read directly 
in RPM, the rotational 
frequency 
of the object 
to be measured 
must be multiplied 
by 60. This can be done 
electronically 
using a phase-locked 
loop, or mechanically 
by 
using 
a disc 
rotating 
with 
the 
object 
with 
the 
appropriate 
number 
of holes drilled 
around 
its edge to interrupt 
the light 
from an LED to a photo-dector. 
For faster 
updating, 
use 0.1 
second 
gating, and multiply 
the rotational 
frequency 
by 600. 


AUTO-TARE 
SYSTEM 


This circuit 
uses the count-up 
and count-down 
functions 
of the ICM7217, 
controlled 
via the EQUAL 
and ZERO 
out- 
puts, to count 
in SYNC 
with an ICL7109 
AID 
Converter 
as 
shown 
in Figure 21. By RESETing 
the ICM7217 
on a "tare" 
value conversion, 
and STORE-ing 
the result of a true value 
conversion, 
an automatic 
tare subtraction 
occurs 
in the re- 
sult. 


The ICM7217 
stays in step with the ICL7109 
by counting 
up and down 
between 
0 and 4095, 
for 8192 
total 
counts, 
the 
same 
number 
as the 
ICL7109 
cycle. 
See applications 
note 
ilA047 
for more details. 
III 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICM7224 
device is a high-performance 
CMOS 
4Y>-digit 
counter, 
including 
decoder, 
output 
latch, 
display driver, count inhibit, leading zero blanking, and 
reset circuitry. 
The counter section provides direct static counting, guar- 
anteed from DC to 15 MHz, using a 5V ± 10% supply over 
the operating temperature range. At normal ambient tem- 
peratures, the devices will typically count up to 25 MHz. The 
COUNT input is provided with a Schmitt trigger to allow op- 
eration in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET inputs allow a direct interface with the ICM7207/ A 
to implement a low cost, low power frequency counter with 
a minimum component count. 


These devices also incorporate several features intended 
to simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane driv- 
er of the LCD devices may be disabled, allowing the seg- 
ments to be slaved to another backplane signal, necessary 
when using an eight or twelve digit, single backplane dis- 
play. 


These devices provide maximum count of 19999. The dis- 


play drivers are not of the multiplexed type and each display 
segment has its own individual drive pin, providing high 
quality display outputs. The ICM7224 drives LCD displays. 


The 
ICM7224 
is 
packaged 
in a standard 
4O-pin 
dual-in-Iine 
plastic or CERDIP package, or in dice. 


I~ 


Part 
Temperature 
Number 
Range 
Package 


ICM72241PL 
-2SoC to +8SoC 
40 Pin Plastic DIP 


ICM72241JL 
-2SoC to +850C 
40 Pin CERDIP 


ICL7224RIPL· 
-250C to +8SoC 
40 Pin Plastic DIP 


ICM7224 ~ 
C\I 
4%-Digit LCD. 
Display Counter g 


FEATURES 
• High Frequency Counting - 
Guaranteed 15MHz, 
Typically 25MHz at 5V 
• Low Power Operation - 
Typically 
Less Than 100J-LW 
Quiescent 
• STORE and RESET Inputs Permit Operation as 
Frequency or Period Counter 
• True COUNT INHIBIT Disables First Counter Stage 
• CARRY Output for Cascading Four-Digit Blocks 
• SChmitt-Trigger On The COUNT Input Allows 
Operation In Noisy Environments 
or With Slowly 
Changing Inputs 
• Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking With Cascaded Devices 
• LCD Devices Provide Complete Onboard Oscillator 
and Divider Chain to Generate Backplane Frequency, 
or Backplane Driver May Be Disabled Allowing 
Segments to be Slaved to A Master Backplane Signal 
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HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDtTION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 
WARRANTIES 
OF MERCHANT ABILITY AND FITNESS 
FOR A PARTICULAR 
USE. 


LSD 


DICIT 1 
SEGilENT 
OUTPUTS 


••SO 


l/Z- 
DIGIT 
OUTPUT 


LEADING 
ZERO 
BlANKING 
OUTPUT 


LEADING 
ZERO 
BLANKING 
INPUT 


COUNT 
INHIBIT 


COUNT 
INPUT 


CARRY 
OUTPUT 


BACKPLANE 
INPUT/ 
OUTPUT 


ICM7225, LED Display 


LSD 


DIGIT 1 
SEGilENT 
OUTPUTS 


••SO 


I/Z 
- DIGIT 
0Ull'UT 


LEADING 
ZERO 
LANKING 
OUTPUT 


LEADING 
ZERO 
BLANKIlG 
INPUT 


COUNT 
INHIBIT 


COUNT 
INPUT 


CARRY 
OUTPUT 


BRIGHTNESS 


0355-3 
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mMAlmum n", 
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Supply Voltage 
(Voo-Vss) 
6.5V 
Input Voltage 
(Any 
Terminal) 
(Note 2) 
(Voo+0.3V) 
to (Vss-0.3V) 
Power Dissipation 
(Note 1) 
0.5W 
@ 70"C 


U 
Operating 
Temperature 
Range 
- 25°C to + 85°C 
=: 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- 65°C to + 150"C 
~ 
Lead Temperature 
(Soldering, 
10sec) 
300°C 
C\I 
C\I 
•••~ 
S:! 


NOTE 1: This limit rafers to that of the package 
and will not be obtained 
during normal operation. 


2: Due to the SeA structure inherent 
in the CMOS 
process. 
connecting 
any terminal 
to voltages 
greater 
than Voo or less than Vss may cause 
destructive 
device 
latchup. 
For this reason, 
it is recommended 
that no inputs from sources operating 
on a different 
power supply be applied to the device -before its 
supply is established, 
and that in multiple supply systems, the supply to the ICM7224/1CM7225 
be turned on first. 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
msy cause permBnent 
damage 
to the device. 
Thess BrB stress ratings only and functional 


operation 
of the device at these or any other conditions above 
those indicated 
in the. operationsl 
sections 
of the specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Voo = 5V, VSS = OV, TA = 25°C, unless otherwise 
indicated) 
ICM7224 
CHARACTERISTICS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


100 
Operating 
current 
Test circuit, Display 
blank 
10 
50 
p.A 


VSUPPlY 
Operating 
supply voltage 
range (Voo-VSS) 
3 
6 
V 


IOSCI 
OSCILLATOR 
input current 
Pin 36 
±2 
±10 
p.A 


tA, tF 
Segment 
rise/fall 
time 
Cload = 200pF 
0.5 


BackPlane 
rise/fall 
time 
Cload = 5000pF 
p's 
tA, tF 
1.5 


fosc 
Oscillator 
frequency 
Pin 36 Floating 
19 
kHz 


fBP 
Backplane 
frequency 
Pin 36 Floating 
150 
Hz 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


ISTBY 
Operating 
current 
display off 
Pin 5 (BRighTness) 
at VSS 
10 
50 
p.A 
Pins 29,31-34 
atVoo 


VSUPP 
Qperating 
supply voltage 
range (Voo - Vss) 
4 
6 
V 


100 
Operating 
current 
Pin 5 at Voo. Display 
18888 
200 
mA 


ISlK 
Segment 
leakage 
current 
Segment 
Off 
±0.01 
±1 
p.A 


ISEG 
Segment 
on current 
Segment 
On, Vout= 
+3V 
5 
8 
mA 
IH 
Half-digit 
on current 
Half-digit 
on, Vout= 
+ 3V 
10 
16 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Ip 
Input 
Pins 29, 31, 33, 34 
10 
p.A 
Pullup Currents 
Vin=Voo-3V 


VIH 
Input High Voltage 
Pins 29, 31, 33, 34 
3 


Vil 
Input Low Voltage 
Pins 29, 31, 33, 34 
1 
V 
VCT 
COUNT 
Input Threshold 
2 


VCH 
COUNT 
Input Hysteresis 
0.5 


IOH 
Output 
High Current 
CARRY 
Pin 28 
-350 
-500 
Leading 
Zero Blanking 
OUT Pin 30 
Vout=Voo-3V 
p.A 
IOl 
Output 
Low Current 
CARRY 
Pin 28 
350 
500 
Leading 
Zero Blanking 
OUT Pin 30 
Vout= 
+3V 


fCOUNT 
Count Frequency 
4.5V<Voo<6V 
0 
15 
MHz 


tS,tA 
STORE, 
RESET Minimum 
Pulse Width 
3 
p's 
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7224 BACKPLANE 
FREQUENCY AS A 
FUNCTION OF OSCILLATOR 
CAPACITOR 
Case 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(Continued) 


SUPPLY CURRENT AS A 
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TABLE I' Control Input Definitions 


INPUT 
TERMINAL 
VOLTAGE 
FUNCTION 


Leading 
Zero Blanking 
29 
Voo or Floating 
Leading 
Zero Blanking 
En'ibled 
INput 
Vss 
Leading 
Zeroes 
Displayed 


Voo or Floating 
Counter 
Enabled 
COUNT 
INHIBIT 
31 
Vss 
Counter 
Disabled 


RESET 
Voo or Floating 
Inactive 
33 
Vss 
Counter 
Reset to 0000 


STORE 
34 
Voo or Floating 
Output 
Latches 
not Updated 
Vss 
Output 
Latches 
Updated 


CONTROL 
INPUT DEFINITIONS 


In Table 
I, Voo 
and 
Vss 
are considered 
to 
be 
normal 
operating 
input logic levels. 
Actual 
input low and high levels 
are specified 
in the 
Operating 
Characteristics. 
For 
lowest 
power 
consumption. 
input signals 
should 
swing over the full 
supply. 


DETAILED 
DESCRIPTION 
LCD Device 


The LCD device 
provides 
outputs 
suitable 
for driving 
con- 
ventional 
4 'I.-digit 
by seven 
segment 
LCD displays. 
They 
include 
29 individual 
segment 
drivers, 
a backplane 
driver, 
and a self-contained 
oscillator 
and divider 
chain to generate 
the backplane 
frequency 
(See Figure 4). 


The 
segment 
and 
backplane 
drivers 
each 
consist 
of a 
CMOS 
inverter, 
with the n- and p-channel 
devices 
ratioed 
to 
provide 
identical 
on resistances, 
and thus equal rise and fall 
times. 
This 
eliminates 
any 
D.C. 
component 
which 
could 
arise 
from 
differing 
rise and 
fall times, 
and 
ensures 
ma~<i- 
mum display 
life. 


The backplane 
output 
can be disabled 
by connecting 
the 
OSCILLATOR 
input 
(pin 36) to Vss. 
This synchronizes 
the 
29 segment 
outputs 
directly 
with 
a signal 
input 
at the 
BP 
terminal 
(pin 5) and allows 
cascading 
of several 
slave devic- 
es to the backplane 
output 
of one master 
device. 
The back- 
plane 
may also 
be derived 
from 
an external 
source. 
This 


allows 
the 
use of displays 
with 
characters 
in mUltiples 
of 
four and a single backplane. 
A slave device 
will represent 
a 
load of approximately 
200pF 
(comparable 
to one additional 
segment). 
The limitation 
on the number 
of devices 
that can 
be slaved to one master device 
backplane 
driver is the addi- 


tional 
load represented 
by the larger 
backplane 
of displays 
of more 
than four digits, 
and the effect 
of that 
load on the 
backplane 
rise and fall times. 
A good 
rule of thumb 
to ob- 
serve 
in order 
to minimize 
power 
consumption, 
is to keep 
the rise and fall times 
less than about 
5 microseconds. 
The 
backplane 
driver 
of one 
device 
should 
handle 
the 
back- 


plane to a display 
of 16 one-half-inch 
characters 
without 
the 
rise and fall times 
exceeding 
51'-s (ie, 3 slave 
devices 
and 
the display 
backplane 
driven by a fourth 
master 
device). 
It is 
recommended 
that 
if more 
than 
four 
devices 
are 
to 
be 
slaved together, 
that the backplane 
signal be derived 
exter- III 
nally and all the ICM7224 
devices 
be slaved 
to it. 


This external 
backplane 
signal should 
be capable 
of driv- 
ing very 
large 
capacitive 
loads 
with 
short 
(1-21'-s) rise and 
fall times. 
The 
maximum 
frequency 
for a backplane 
signal 
should 
be about 
150Hz, 
although 
this 
may be too fast for 
optimum 
display 
response 
at lower 
display 
temperatures, 
depending 
on the display 
used. 


The onboard 
oscillator 
is designed 
to free run at approxi- 
mately 
19kHz, 
at microampere 
power 
levels. 
The oscillator 
frequency 
is divided 
by 128 to provide 
the 
backplane 
fre- 


quency, 
which 
will be approximately 
150Hz with the oscilla- 


II) 
ell 
ell 
••• 
~ 
tor free-running. 
The 
oscillator 
frequency 
may be reduced 
S! 
by connecting 
an external 
capacitor 
between 
the OSCillator 
•••• 
terminal 
(pin 36) and Voo; 
see the plot of oscillator/back- 


:: 
f~~~~t~~en~uency in "Typical 
Characteristics" 
for detailed 
in- 


••• 
The oscillator 
may also be overdriven 
if desired, 
although 
~ 
care must be taken to insure that the backplane 
driver is not 
S! 
disabled 
during 
the negative 
portion 
of the overdriving 
sig- 
nal (which 
could 
cause 
a D.C. component 
to the display). 
This 
can 
be done 
by driving 
the 
OSCILLATOR 
input 
be- 
tween 
the positive 
supply and a level out of the range where 
the backplane 
disable 
is sensed, 
about one fifth of the sup- 
ply voltage 
above 
the 
negative 
supply. 
Another 
technique 
for overdriving 
the oscillator 
(with a signal 
swinging 
the full 
supply) 
is to skew 
the 
duty cycle 
of the overdriving 
signal 
such 
that 
the negative 
portion 
has a duration 
shorter 
than 
about one microsecond. 
The backplane 
disable 
sensing 
cir- 
cuit will not respond 
to signals 
of this duration. 


LED Device 


The LED device 
provides 
outputs 
suitable 
for directly 
driv- 
ing 4%-digit 
by seven 
segment 
common-anode 
LED 
dis- 
plays. 
They 
include 
28 individual 
segment 
drivers 
and one 
half-digit 
driver, 
each 
consisting 
of a low-leakage 
current- 


controlled 
open-drain 
n-channel 
transistor. 


The drain 
current 
of these 
transistors 
can be controlled 
by varying 
the voltage 
at the BRighTness 
input (pin 5). The 
voltage 
at this pin is transferred 
to the gates 
of the output 
devices 
for "on" 
segments, 
and thus directly 
modulates 
the 
transistor's 
"on" 
resistance. 
A brightness 
control 
can 
be 
easily 
implemented 
with 
a single 
potentiometer 
controlling 
the voltage 
at pin 5, connected 
as in Figure 
3. The potenti- 


ometer 
should 
be a high value 
(100kO 
to 1MO) to minimize 
power 
consumption, 
which 
can be significant 
when 
the dis- 
play is off. 


The BRighTness 
input may also be operated 
digitally 
as a 
display 
enable; 
when 
at Voo, 
the display 
is fully on, and at 
VSS, fully off. The display 
brightness 
may also be controlled 
by varying 
the duty cycle 
of a signal 
swinging 
between 
the 
two supplies 
at the BRighTness 
input. 


Note that the LED devices 
have two connections 
for Vss; 
both should 
be connected. 
The double 
connection 
is neces- 


sary 
to minimize 
effects 
of bond 
wire 
resistance 
with 
the 


large total display 
currents 
possible. 


When 
operating 
the LED devices 
at higher 
temperatures 
and/or 
higher supply voltages, 
the device 
power dissipation 
may need to be reduced 
to prevent 
excessive 
chip tempera- 
tures. 
The 
maximum 
power 
dissipation 
is 1 watt 
at 25'C, 


derated 
linearly 
above 
35'C 
to 500mW 
at 70'C 
(15mW/'C 
above 
35'C). 
Power 
dissipation 
for the device 
is given by: 


P=(Voo 
-VFLEO) 
X (ISEG) X (nSEG) 


where 
VFLEO is the LED forward 
voltage 
drop, 
ISEG is seg- 


ment current, 
and nSEG is the number 
of "ON" 
segments. 
It 
is recommended 
that if the device 
is to be operated 
at ele- 
vated 
temperatures 
the segment 
current 
be limited 
by use 
of the 
BRighTness 
input 
to keep 
power 
dissipation 
within 
the limits described 
above. 


COUNTER SECTION 


The devices 
in the ICM7224/ICM7225 
family implement 
a 
four-digit 
ripple carry resettable 
counter, 
including 
a Schmitt 
trigger 
on the COUNT 
input and a CARRY 
output. 
Also 
In- 
cluded 
is an extra 
D-type 
flip-flop, 
clocked 
by the CARRY 
signal which 
controls 
the half-digit 
segment 
driver. This out- 
put driver 
can 
be used 
as either 
a true 
half-digit 
or as an 
overflow 
indicator. 
The counter 
will increment 
on the nega- 


tive-going 
edge of the signal at the COUNT 
input, while 
the 
CARRY 
output 
provides 
a negative-going 
edge follOWing the 
count 
which 
increments 
the 
counter 
from 
9999 
to 
10000. 


Once the half-digit 
flip-flop 
has been clocked, 
it can only be 
reset (with the rest of the counter) 
by a negative 
level at the 
RESET 
terminal, 
pin 33. 
However, 
the 
four 
decades 
Will 
continue 
to count 
in a normal 
fashion 
after the half-digit 
is 
set, and subsequent 
CARRY outputs 
will not be affected. 


A negative 
level at the COUNT 
INHIBIT 
input disables 
the 
first divide-by-two 
in the counter 
chain 
without 
affecting 
its 
clock. 
This provides 
a true inhibit, 
not sensitive 
to the state 
of the COUNT 
input, which 
prevents 
false 
counts 
that 
can 
result from using a normal 
logic gate to prevent 
counting. 


Each decade 
of the counter 
directly 
drives 
a four-to-sev- 
en segment 
decoder 
which 
develops 
the 
required 
output 
data. 
The 
output 
data 
is latched 
at the 
driver. 
When 
the 
STORE 
pin is low, these 
latches 
are updated, 
and when 
it is 
high or floating, 
the latches 
hold their contents. 


The decoders 
also include 
zero detect 
and blanking 
logic 
to provide 
leading 
zero 
blanking. 
When 
the 
Leading 
Zero 
Blanking 
INput is floating 
or at a positive 
level, this circuitry 
is enabled 
and the device 
will blank leading 
zeroes. 
When 
It 


is low, or the half-digit 
is set, leading 
zero blanking 
is inhibit- 
ed, and zeroes 
in the four digits will be displayed. 
The Lead- 
ing Zero 
Blanking 
OUTput 
is provided 
to allow 
cascaded 
devices 
to blank 
leading 
zeroes 
correctly. 
This 
output 
will 
assume 
a 
positive 
level 
only 
when 
all 
four 
digits 
are 
blanked; 
this can only occur 
when the Leading 
Zero 
Blank- 
ing INput is at a positive 
level and the half-digit 
is not set. 


For 
example, 
in an eight-decade 
counter 
with 
overflow 
using 
two 
ICM7224/ICM7225 
devices, 
the 
Leading 
Zero 
Blanking 
OUTput 
of the high order digit would be connected 
to the 
Leading 
Zero 
Blanking 
INput 
of the 
low order 
digit 
device. 
This will assure 
correct 
leading 
zero blanking 
for all 
eight digits. 


The STORE, 
RESET, 
COUNT 
INHIBIT, 
and Leading 
Zero 
Blanking 
INputs 
are provided 
with 
pullup 
devices, 
so that 
they may be left open when 
a positive 
level is desired. 
The 
CARRY 
and 
Leading 
Zero 
Blanking 
OUTputs 
are suitable 
for interfacing 
to CMOS 
logic in general, 
and are specifically 
designed 
to allow cascading 
of ICM7224 
to ICM7225 
devic- 
es in four-digit 
blocks. 
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Figure 4: ICM7224 Display Waveforms 
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APPLICATIONS 


Figures 
7 
and 
a 
show 
two 
typical 
applications 
for 
ICM7224/25 
devices. 


In Figure 
7 an ICM7225, 
LED display 
and a few passive 
components 
form 
a unit 
counter. 
The 
device 
counts 
and 
totals the input pulses. 
Since the STORE 
input is tied to Vss 
the display 
simultaneously 
updates 
the counts. 
The circuit 
has 
switches 
for 
pause 
operation, 
leading 
zero 
blanking 
control, 
and a pushbutton 
for resetting 
the counter. 


Figure 
a shows 
an a-digit 
precision 
frequency 
counter. 


The 
circuit 
uses 
two 
ICM7224s 
cascaded 
to 
provide 
an 
a-digit 
display. 
Backplane 
output 
of the 
second 
device 
is 
disabled 
and 
is driven 
by 
the 
first 
device. 
The 
% digit 


Figure 6: Segment 
Assignment 
and Display Font 
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output 
of the second 
device 
is used for overflow 
indication. 


The input 
signal 
is fed to the first device 
and the COUNT 
input of the second 
is driven 
by the CARRY 
output 
of the 


first. 
Notice 
that 
leading 
zero 
blanking 
is controlled 
on the 


second 
device 
and the UB 
OUT of the second 
one is tied III 
to UB 
IN of the first one. An ICM7207A 
device 
is used as a 


timebase 
generator 
and 
frequency 
counter 
controller. 
It 
generates 
count 
window, 
store 
and reset 
signals 
which 
are 
directly 
compatible 
with ICM7224 
inputs (notice the need for 
an inverter 
at COUNT 
INHIBIT 
input). 
The 
ICM7207A 
pro- 


vides two count window 
signals 
(1sand 
0.1 s gating) 
for dis- 


playing 
frequencies 
in Hz or tens of Hz (X 10Hz). 
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GENERAL 
DESCRIPTION 
The ICM7226 is a fully integrated Universal Counter and 
LED display driver. It combines a high frequency oscillator, 
a decade timebase counter, an 8 decade data counter and 
latches, a 7 segment decoder, digit multiplexer, and seg- 
ment and digit drivers which can directly drive large LED 
displays. The counter inputs accept a maximum frequency 
of 10 MHz in frequency 
and unit counter 
modes and 
2 MHz in the other modes. Both inputs are digital inputs. In 
many applications, amplification and level shifting will be re- 
quired to obtain proper digital signals for these inputs. 


The ICM7226 can function as a frequency counter, period 
counter, frequency ratio (fA/fs) counter, time interval coun- 
ter or a totalizing counter. The devices require either a 
10 MHz or 1 MHz crystal timebase, or if desired an external 
timebase can also be used. For period and time Interval, 
the 10 MHz timebase gives a O.l,...sresolution. In period 
average and time Interval average, the resolution can be 
in the nanosecond range. In the frequency 
mode, the user 
can select accumulation time of 10ms, lOOms, 1sand 1Os. 
With a 10s accumulation time, the frequency can be dis- 
played to a resolution of 0.1 Hz. There is a 0.2s interval 
between measurements in all ranges. Control signals are 
provided to enable gating and storing of prescaler data. 


Leading zero blanking has been incorporated with fre- 
quency display in kHz and time in ,...S. The display is multi- 
plexed at a 500 Hz rate with a 12.2% duty cycle for each 
digit. The ICM7226A is designed for common anode dis- 
plays with typical peak segment currents of 25 mA, and the 
ICM7226B is designed for common cathode displays with 
typical segment currents of 12 mA. In the display off mode, 
both digit drivers & segment drivers are turned off, allowing 
the display to be used for other functions. 
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*For maximum frequency 
stability, connect 
to Voo or Vss 


Frequency counter ITimer 


FEATURES 
• CMOS Design for Very Low Power 
• Output Drivers Directly Drive Both Digits and 
Segments of Large 8 Digit LED Displays_ Both 
Common Anode and Common Cathode Versions Are 
Available 
• Measures Frequencies From DC to 10 MHz; Periods 
From 0.5,...sto 10s 
• Stable High Frequency Oscillator 
Uses Either 1 MHz 
or 10 MHz Crystal 
• Control Signals Available for External Systems 
Interfacing 


• Multiplexed 
BCD Outputs 


APPLICATIONS 
• Frequency Counter 
• Period Counter 
• Unit Counter 
• Frequency Ratio Counter 
• Time Interval Counter 


Part 
Temperature 
Package 
Number 
Range 


ICM7226AIJL 
- 25°C to 85°C 
40 pin CERDIP 


ICM7226BIPL 
- 25°Cto 85°C 
40 pin PLASTIC DIP 


CONTROL I" 


INPUT 
B 


"[AS 
IN PROGR£SS 


ruNCTION 
.• 


STORE 


BOO • 


BCD 8 


EXT OSC 
IN 


RST OUT 


EXT ••••• GE 


Of 
OUT 


Vss 
SEG, 


D5 
SEG. • 


D6 
SEG, 


D7 
SEGd 


DB 
Voo 


Bal' 
SEG. 


Ball 
SEGo 


iSi 
IN 
SEG f 


EXT Of 
IN 
RAHGE 
0356-2 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTIClE 
OF THE 


CONotTION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAU 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS. 
IMPLIED OR STATUTORY, 
INCLUDING 
THE IMPliED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICUlAR 
USE. 


ABSOLUTE 
MAXIMUM 
RATINGS 


Maximum 
Supply Voltage 
(Voo-Vss) 
6.5V 
Maximum 
Digit Output 
Current 
400 mA 
Maximum 
Segment 
Output 
Current 
60 mA 
Voltage 
on any Input or Output Terminal 
(Note 1) 
. 


(Vss-0.3V) 
to (Voo+0.3V) 


Maximum 
Power 
Dissipation 
at 70°C (Note 2) 
ICM7226A 
1.0W 
ICM7226B 
0.5W 
Operating 
Temperature 
Range 
- 25°C to + 85°C 
Storage 
Temperature 
Range 
.. . . . . . . .. 
- 55°C to + 125°C 
Lead Temperature 
(Soldering, 
10see) 
3000C 


-Note 1: Destructive 
latchup 
may occur 
if input s~nals are applied 
before 
the power supply is established 
or if inputs or outputs 
are forced 
to Yottages exceeding 
VDD or Vss by O.3V. 
2: Assumes 
all leads soldered 
or welded 
to PC board and free air flow. 
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NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent 
datn8flB 
to the device. 
These are stress ratings only 
and functional 
operatkJn of the d9vice 
at thes6 
or any other 
conditions 
abov9 thosa indicated in the oparational 
ssctions 
01 the spacificatkJns is not 
impliBd. Exposure 
to absolute 
maximum 
rating conditions 
for extBnd8d psri- 


ods may affact d9vice raliability. 


Symbol 
Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


100 
Operating 
Supply 
Display Off 
Current 
Unused 
inputs to Vss 
2 
5 
mA 


VSUPPLY 
Supply Voltage 
Range Voo - Vss 
-25°C<TA 
<85°C 
Input A, Input B 
4.75 
6.0 
V 


Frequency 
at IMAX 


IA(max) 
Maximum 
Guaranteed 
Frequency 
-25°C<TA 
<85°C 
Input A, Pin 40 
4.75V<Voo<6.0V 
Figure 3 
Function 
= Frequency, 
Ratio, Unit Counter 
10 
14 
MHz 


Function 
= Period, Time Interval 
2.5 


IS(max) 
Maximum 
Frequency 
-25°C<TA 
<85°C 
Input B, Pin 2 
4.75V<Voo<6.0V 
2.5 
Figure 4 


Minimum 
Separation 
-25°C<TA<85°C 
Input A to Input B 
4.75V<Voo<6.0V 
250 
ns 


Time Interval 
Function 
Figure 11 


lose 
Osc. Ireq. and ext. osc. 
-25°C<TA 
<85°C 
10 
Ireq. (minimum 
ext. osc. Ireq.) 
4.75V <Voo<6.0V 
(0.1) 
MHz 


gm 
Oscillator 
Transconductance 
Voo=4.75V 
2000 
,...S 


TA= 
+85°C 


Imux 
MUltiplex 
Frequency 
lose = 10 MHz 
500 
Hz 


Time Between 
Measurements 
lose = 10 MHz 
200 
ms 


dVin/dt 
Input Rate 01 Charge 
Inputs A, B 
15 
mV/,...s 


INPUT VOLTAGES 
PINS 2, 19, 33, 39, 40, 35 


VIL 
input low voltage 
-25°C<TA< 
+85°C 
1.0 
V 


VIH 
input high voltage 
3.5 


IILK 
PIN 2, 39, 40 INPUT LEAKAGE, 
A, B 
20 
,...A 


Input resistance 
to Voo 


RIN 
PINS 19,33 
VIN=VOO 
-1.0V 
100 
400 
kO 
Input resistance 
to Vss 


RIN 
PIN31 
VIN=+1.0V 
50 
100 


Output Current 


IOL 
PINS 3,5,6,7,17,18,32,38 
VOL = +O.4V 
400 
,...A 


IOH 
PINS 5,6,7,17,18,32 
VOH= 
+2.4V 
100 
,...A 


IOH 
PINS 3,38 
VOH=Voo-0.8V 
265 


ICM7226A 
PINS 22,23,24,26,27,28,29,30 
DIGIT DRIVER 


IOH 
high output current 
Vo=Voo 
-2.0V 
150 
180 
mA 


IOL 
low output 
current 
Vo= 
+1.0V 
-0.3 


SEGMENT 
DRIVER 
PINS 8,9,10,11,13,14,15,16 


IOL 
low output 
current 
Vo=+1.5V 
25 
35 
mA 


IOH 
high output 
current 
VO=Voo-1.0V 
100 
,...A 


II 


: 
ELECTRICAL 
CHARACTERISTICS 
(Voo = 5.0V, TA = 25°C, unless otherwise 
specified.) 
(Continued) 
po. 
:Ig 


Symbol 
Parameter 
Test Conditions 
Mln 
Typ 
Max 
Units 


MULTIPLEX 
INPUTS 
PINS 1.4,20,21 


Vil 
input low voltage 
0.8 
V 
VIH 
input high voltage 
2.0 


RIN 
input resistance 
to Vss 
VIN= 
+1.0V 
50 
100 
kfi 


ICM7226B 
DIGIT DRIVER 
PINS 8,9,10,11,13,14,15,16 


IOl 
low output 
current 
Vo= 
+1.0V 
50 
75 
mA 


IOH 
high output current 
Vo=Voo-2.5V 
100 
,...A 


SEGMENT 
DRIVER 
PINS 22,23,24,26,27,28,29,30 


IOH 
high output current 
Vo=Voo-2.0V 
10 
15 
mA 


Il 
leakage 
current 
Vo=Vss 
10 
,...A 


MULTIPLEX 
INPUTS 
PINS 1.4,20,21 


Vil 
input low voltage 
Voo-2.0 
V 
VIH 
input high voltage 
Voo-0.8 


RIN 
input resistance 
to Voo 
VIN=Voo-1.0V 
100 
360 
kfi 


l!. 


~ 
10 
Z 
IU:> 
S 
fA ~ 
fa «-J 'ERIOD. 


a: 
TIME INTERVAL 
MODES 
... 


00 
00 


Voo 
- 
VOUT 
(VOLTS) 
0356-29 
VOO - 
VOUT 
(VOLTS) 
0356-30 


ICM7226A TypicaiiSEG vs - VOUT 
ICM7226B Typical IDIGITvs - VOUT 
10 
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TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
(Continued) 
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VOO ,.; 6.0V 
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Figure 4: Waveform 
for Guaranteed 
Minimum fB(max) and fA(max) for 
Function = Period and Time Interval 
Figure 3: Waveform 
for Guaranteed 
Minimum 
fA(max) Function 
= Frequency, 
Frequency 
Ratio, Unit Counter 
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LED overflow 
indicator 
connections: 
Overflow 
will be indicated 
on the decimal 
point output 
of digit 8. 


CATHODE 
ANODE 
d.p. 
08 
08 
d.p. 
Figure 6: Segment 
Identification 
and Display Font 
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DETAILED 
DESCRIPTION 
INPUTS A & B 


The signal 
to be measured 
is applied 
to INPUT A in fre- 


quency 
period, 
unit 
counter, 
frequency 
ratio 
and time 
Interval 
modes. 
The 
other 
input 
signal 
to be measured 
is 
applied 
to INPUT 
B in frequency 
ratio 
and time 
Interval. 
fA should 
be higher than fs during 
frequency 
ratio. 


Both 
inputs 
are 
digital 
inputs 
with 
a typical 
sWitching 
threshold 
of 2.0V 
at Voo=5.0V 
and 
input 
impedance 
of 
250 kO. For optimum 
performance, 
the peak to peak 
input 
signal 
should 
be at least 
50% 
of the 
supply 
voltage 
and 
centered 
about 
the 
SWitching 
voltage. 
When 
these 
inputs 
are being driven from TTL logic, it is desirable 
to use a pull- 


up resistor. 
The circuit 
counts 
high to low transitions 
at both 
inputs. 


Note that the amplitude 
of the input should 
not exceed 
the 
device 
supply 
(above 
the Voo and below 
the Vss) 
by more 
than 0.3V, otherwise 
the device 
may be damaged. 


MULTIPLEXED INPUTS 


The 
FUNCTION, 
RANGE, 
CONTROL 
and 
EXTERNAL 
DECIMAL 
POINT 
inputs 
are time 
multiplexed 
to select 
the 
function 
desired. 
This is achieved 
by connecting 
the appro- 


priate 
digit 
driver 
output 
to the inputs. 
The function, 
range 
and 
control 
inputs 
must 
be stable 
during 
the 
last 
half 
of 
each digit output, 
(typically 
125",s). 
The multiplex 
inputs are 
active 
high for the common 
anode 
ICM7226A, 
and active 
low for the common 
cathode 
ICM7226B. 


Noise 
on the multiplex 
inputs 
can cause 
improper 
opera- 
tion. This is particularly 
true when the unit 
counter 
mode of 
operation 
is selected, 
since changes 
in voltage 
on the digit 
drivers 
can be capacitively 
coupled 
through 
the LED diodes 
to 
the 
multiplex 
inputs. 
For 
maximum 
noise 
immunity, 
a 
10 kO resistor 
should 
be placed 
in series with the multiplex 
inputs 
as shown 
in the application 
notes. 


Table 
1 shows 
the 
functions 
selected 
by each 
digit 
for 
these 
inputs. 
Table 1: Multiple Input Control 


Function 
Digit 


FUNCTION 
INPUT 
Frequency 
D1 
PIN4 
Period 
Ds 
Frequency 
Ratio 
D2 
Time Interval 
D5 
Unit Counter 
D4 
Oscillator 
Frequency 
D3 


RANGE 
INPUT 
0.01 Sec/1 
Cycle 
D1 
PIN21 
0.1 Sec/10 
Cycles 
D2 
1 Sec/100 
Cycles 
D3 
10 Sec/1 k Cycles 
D4 
Enable 
External 
Range 
D5 
Input 


CONTROL 
INPUT 
Display Off 
D4& Hold 
PIN 1 
Display Test 
Ds 
1 MHz Select 
D2 
External 
Oscillator 
Enable 
D1 
External 
Decimal 
Point 
D3 
Enable 


EXTERNAL 
DECIMAL 
Decimal 
Point is Output 
for Same 
POINT INPUT, PIN 20 
Digit That is Connected 
to This Input 


III 
C 
G 
FUNCTION INPUT 
C'll 
C'll 
The ICM7226 
has six modes 
of operation 
to be selected 
,.. 
by FUNCTION 
input. 
These 
are: 
Frequency, 
Period, 
Fre- 
:I 
quency 
Ratio, 
Time 
Interval, 
Unit 
Counter 
and 
Oscillator 
~ 
Frequency. 


The implementation 
of different 
functions 
is done by rout- 
ing the different 
signals 
to two counters, 
called 
"Main 
Coun- 


ter" 
and 
"Reference 
Counter". 
A simplified 
block 
diagram 
of the device 
for functions 
realization 
is shown 
in Figure 
7. 


Table 
2 shows 
which 
signals 
will be routed 
to each counter 
in different 
cases. 
The 
output 
of the 
Main 
Counter 
is the 
information 
which 
goes to the display. 
The Reference 
Coun- 


ter divides 
its input to 1, 10, 100 and 
1000. 
One of these 
outputs 
will 
be 
selected 
through 
the 
range 
selector 
and 
drive the enable 
input of the Main Counter. 
This means that 
the 
Reference 
Counter, 
along 
with 
its' 
associated 
blocks, 


directs 
the Main Counter 
to begin counting 
and determines 
the length 
of the counting 
period. 
Note that 
Figure 
7 does 
not show 
the complete 
functional 
diagram 
(See 
Figure 
1). 


After 
the 
end 
of each 
counting 
period, 
the 
output 
of the 
Main Counter 
will be latched 
and displayed, 
then the coun- 


ter will be reset 
and a new measurement 
cycle 
will begin. 


Any change 
in the FUNCTION 
INPUT will stop the present 
measurement 
without 
updating 
the display 
and then 
initiate 
a new measurement. 
This prevents 
an erroneous 
first read- 
ing after the FUNCTION 
INPUT is changed. 
In all cases, 
the 
1 - 
0 transitions 
are counted 
or timed. 


Function 
Main Counter 
Reference 


Counter 


Frequency 
(fA> 
Input A 
100 Hz (Oscillator 
+ 105 or 104) 


Period (tA) 
Oscillator 
Input A 


Ratio (fAils) 
Input A 
InputB 


Time Interval 
Oscillator 
Input A 


(A - 
B) 
InputB 


Unit Counter 
Input A 
(Count A) 
Not Applicable 


Osc. Freq. 
Oscillator 
100 Hz (Oscillator 


(fose> 
+ 105 or 104) 


Frequency-In 
this mode input A is counted 
by the Main 
Counter 
for a precise 
period of time. This time is determined 
by the time base oscillator 
and the selected 
range. 
For the 
10 MHz (or 1 MHz) timebase, 
the resolutions 
are 100, 10, 1 
~ 
and 0.1 Hz. The decimal 
point on the display 
is set for kHz 
••• 
reading. 


100Hz 


INPUT A 


INPUT B 


INTERNAL OR 
EXTERNAL 
OSCILLATOR 
ENABLE 


CLOCK 


WAIN COUNTER 


Period-In 
this 
mode 
the timebase 
oscillator 
is counted 
by the Main counter 
for the duration 
of 1, 10, 100 or 1000 


(range 
selected) 
periods 
of the signal at input A. A 10 MHz 
timebase 
gives 
resolutions 
of 0.1).£s to 0.0001).£s for 
1000 
periods 
averaging. 
Note 
that the maximum 
input frequency 
for period 
measurement 
is 2.5 MHz. 


Frequency 
Ratio-In 
this mode the input A is counted 
by 
the 
Main 
Counter 
for 
the 
duration 
of 
1, 10, 100 or 
1000 
(range 
selected) 
periods 
of the 
signal 
at input 
B. The fre- 
quency 
at input A should 
be higher 
than 
input B for mean- 


ingful result. The result in this case is unitless 
and its resolu- 
tions 
can go up to 3 digits after decimal 
point. 


Time 
Interval-In 
this 
mode, 
the 
timebase 
oscillator 
is 
counted 
by the Main Counter 
for the duration 
of a 1 -+ 
0 
transition 
of input A until a 1 -+ 
0 transition 
of input B. This 
means 
input 
A starts 
the 
counting 
and 
input 
B stops 
it. If 
other 
ranges, 
except 
0.01 
s/1 
cycle 
are selected 
the 
se- 
quence 
of input A and B transitions 
must happen 
10, 100 or 
1000 
times 
until 
the 
display 
becomes 
updated; 
note 
this 
when 
measuring 
long time intervals 
to give enough 
time for 
measurement 
completion. 
The resolution 
in this mode is the 
same 
as for 
period 
measurement. 
See 
the 
Time 
Interval 
Measurement 
section 
also. 


Unit 
Counter-In 
this mode 
the Main Counter 
is always 
enabled, 
the 
input 
A is counted 
by the 
Main 
Counter 
and 
displayed 
continuously. 


Oscillator 
Frequency-In 
this mode the device 
makes 
a 
frequency 
measurement 
on its timebase. 
This is a self test 
mode 
for device 
functionality 
check. 
For 10 MHz timebase 
the 
display 
will 
show 
10000.0, 
10000.00, 
10000.000 
and 
Overflow 
in different 
ranges. 


RANGE Input 


The RANGE 
input selects 
whether 
the measurement 
peri- 
od is made for 1, 10, 100 or 1000 counts 
of the Reference 
Counter 
or it is controlled 
by EXT 
RANGE 
input. 
As it is 
shown 
in Table 
1, this gives different 
counting 
windows 
for 
frequency 
measurement 
and various 
cycles 
for other 
modes 
of measurement. 


In all functional 
modes except 
Unit Counter 
any change 
in 
the RANGE 
INPUT will stop the present 
measurement 
with- 
out updating 
the display 
and then 
initiate 
a new 
measure- 
ment. 
This 
prevents 
an 
erroneous 
first 
reading 
after 
the 
RANGE 
INPUT is changed. 


CONTROL Input 


Unlike 
the other 
multiplexed 
inputs, 
to which 
only one of 
the digit outputs 
can be connected 
at a time, this input can 
be tied to different 
digit lines to select 
combination 
of con- 
trols. 
In this 
case, 
isolation 
diodes 
must 
be used 
in digit 
lines to avoid 
crosstalk 
between 
them 
(see Figure 
5). The 
direction 
of diodes 
depends 
on the device 
version, 
common 
anode or common 
cathode. 
For maximum 
noise immunity 
at 
this 
input, 
in addition 
to the 
10k resistor 
which 
was 
men- 
tioned 
before, 
a 39 pF to 100 pF capacitor 
should 
also be 
placed 
between 
this input and the VDD or Vss 
(See Figure 
5). 


Display 
Off-To 
disable 
the display 
drivers, 
it is neces- 
sary to tie the 04 line to the CONTROL 
INPUT and have the 
HOLD 
input 
at VDD. While 
in Display 
Off 
mode, 
the 
seg- 
ments 
and digit drivers 
are all off, leaving 
the display 
lines 
floating, 
so the display 
can be shared 
with other 
devices. 
In 
this mode, the oscillator 
continues 
to run with a typical 
sup- 
ply current 
of 1.5 mA with a 10 MHz crystal, 
but no mea- 
surements 
are made and multiplexed 
inputs 
are inactive. 
A 
new 
measurement 
cycle 
will 
be initiated 
when 
the 
HOLD 
input is switched 
to Vss. 


Display 
Test 
-Display 
will 
turn 
on 
with 
all the 
digits 
showing 
8s and all decimal 
points 
also on. The display 
will 
be blanked 
if Display 
Off is selected 
at the same time. 


1 MHz Select-The 
1 MHz select 
mode allows 
use of a 1 
MHz crystal 
with the same digit multiplex 
rate and time be- 
tween 
measurements 
as with a 10 MHz crystal. 
This is done 
by dividing 
the oscillator 
frequency 
by 104 rather 
than 
105. 


The 
decimal 
point 
is also 
shifted 
one 
digit 
to the 
right 
in 
period 
and time interval, 
since the least significant 
digit will 
be in ).£Sincrement 
rather 
than 0.1).£s increment. 


External 
Oscillator 
Enable-In 
this mode, 
the signal 
at 
EXT OSC INPUT 
is used as a timebase 
instead 
of the on- 
board 
crystal 
oscillator 
(built around 
the OSC INPUT, 
OSC 
OUTPUT 
inputs). 
This 
input 
can 
be used 
for 
an external 
stable 
temperature 
compensated 
crystal 
oscillator 
or 
for 
special 
measurements 
with 
any external 
source .. The 
on- 
board 
crystal 
oscillator 
continues 
to work when the external 
oscillator 
is selected. 
This 
is necessary 
to avoid 
hang-up 
problems, 
and has no effect 
on the chip's 
functional 
opera- 
tion. If the on-board 
oscillator 
frequency 
is less than 
1 MHz 
or only 
the 
external 
oscillator 
is used, 
THE 
OSC 
INPUT 
MUST 
BE CONNECTED 
TO THE 
EXT OSC INPUT 
provid- 
ing the timebase 
has enough 
voltage 
swing for OSC INPUT 
(See 
electrical 
characteristics): 
If the 
external 
timebase 
is 
TTL 
level 
a pullup 
resistor 
must 
be used 
for OSC 
INPUT. 


The 
other 
way 
is to put 
a 22 
Mn 
resistor 
between 
OSC 
INPUT 
and OSC OUTPUT 
and capacitively 
couple 
the-EXT 
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at 
its 
threshold. 
and 
the 
drive 
voltage 
wHI need 
to 
be 
only 
2 Vp_p' The 
external 
timebase 
frequency 
must 
be greater 
than 
100 kHz or the chip will reset 
itself 
to enable 
the on- 


board 
oscillator. 


External 
Decimal 
Point 
Enable-In 
this 
mode 
the 
EX 
D.P. INPUT is enabled. 
A decimal 
point will be displayed 
for 
the 
digit that 
its output 
line is connected 
to this 
input 
(EX 
D.P. INPUT). 
Digit 8 should 
not be used since it will override 
the 
overflow 
output. 
Leading 
zero 
blanking 
is effective 
for 
the digits to the left of selected 
decimal 
point. 


HOLD Input 


Except 
in the unit 
counter 
mode, 
when 
the HOLD 
input 


is at VDD, 
any 
measurement 
in progress 
(before 
STORE 
goes low) is stopped, 
the main counter 
is reset and the chip 


is held 
ready 
to initiate 
a new 
measurement 
as soon 
as 
HOLD 
goes 
low. The latches 
which 
hold the main counter 
data are not updated, 
so the last complete 
measurement 
is 
displayed. 
In unit 
counter 
mode 
when 
HOLD 
input 
is at 
VDD, the counter 
is not stopped 
or reset, 
but the display 
is 
frozen 
at that 
instantaneous 
value. 
When 
HOLD 
goes 
low 
the count 
continues 
from the new value 
in the counter. 


RST IN Input 


The 
RST IN is provided 
to reset 
the Main Counter, 
stop 
any measurement 
in progress. 
and enable 
the display 
latch- 
es, resulting 
in the all zero display. 
It is suggested 
to have a 
capacitor 
at this input to Vss to prevent 
any hang-up 
prob- 
lem on power 
up. See application 
circuits. 
EXT RANGE Input 


This 
input 
is proVided 
to select 
ranges 
other 
than 
those 
provided 
in the chip. In any mode of measurement 
the dura- 
tion 
of measurement 
is determined 
by the 
EXT RANGE 
if 
this input is enabled. 
This input is sampled 
at 10ms intervals 
by the 100 Hz reference 
derived 
from 
the timebase. 
Figure 
8 shows 
the relationship 
between 
this input, 
100 Hz refer- 
ence 
signal 
and 
MEAS 
IN PROGRESS. 
EXT RANGE 
can 
change 
state 
anywhere 
during 
the 
period 
of 100 Hz refer- 


ence but will be sampled 
at the trailing 
edge of the period to 
start or stop measurement. 


This 
input 
should 
not be used 
for short 
arbitrary 
ranges 
Cii 
(because 
of its sampling 
period), 
it is prOVided for very long 
~ 
gating 
purposes. 
A way of using 
the 7226 
for a short 
arbi- 
:Ii 
trary range is to feed the gating signal into the INPUT Band 
g 
run the device 
in the Frequency 
Ratio mode. 
Note that the 
gating 
period 
will be from 
one 
positive 
edge 
until the 
next 
positie 
edge of INPUT 
B (0.01 s/1 
cycle 
range). 
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Figure 
8: External 
Range 
Input 
to End 
of 
MEASUREMENT 
IN.PROGRESS. 


MEAS IN PROGRESS, STORE, RST OUT 
Outputs 


These 
outputs 
are provided 
for external 
system 
interfac- 


ing. MEAS 
IN PROGRESS 
stays 
low during 
measurements 
and goes high for intervals 
between 
measurements. 
Figure 
9 shows 
the 
relationship 
between 
these 
outputs 
for inter- 


vals between 
measurements. 
All these 
outputs 
can drive a 
low power 
Schottky 
TTL. 
The 
MEAS 
IN PROGRESS 
can 
drive one ECL load if the ECL device 
is powered 
from 
the 
same power 
supply 
as the ICM7226. 
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Figure 
9: RESET 
OUT, S1'ORE, and 
MEASUREMENT 
IN PROGRESS 
Outputs 
between 
Measurements 


BCD Outputs 


The BCD representation 
of each display 
digit is available 
at the BCD outputs 
in a multiplexed 
fashion. 
See Table 3 for 
digits truth table. 
The BCD output 
of each digit is available 
when 
its corresponding 
digit output 
is activated. 
Note 
that 
the 
digit 
outputs 
are 
multiplexed 
from 
D8 
(MSD) 
to 
D1 
(LSD). 
The positive 
going 
(ICM7226A, 
common 
anode) 
or 


the negative 
going (ICM7226B, 
common 
cathode) 
digit drive 
signals 
lag the BCD data by 21-'s to 61-'s. This starting 
edge 
of each digit drive signal 
should 
be used to externally 
latch 
the 
BCD 
data. 
Each 
BCD 
output 
drives 
one 
low 
power 


Schottky 
TTL load. Leading 
zero blanking 
has no effect 
on 
the BCD outputs. 
• 


BUFF OSC OUT Output 
The BUFFered OSCillator OUTput is provided for use of 
the on-board oscillator signal. without loading the oscillator 
itself. This output can drive one low power Schottky TIL 
load. Care should be taken to minimize capacitive loading 
on this pin. 
Decimal Point Position 
Table 4 shows the decimal point position for different 
modes of ICM7216 operation. Note that the digit 1 is the 
least significant digit. Table is given for 10 MHz timebase 
frequency. 
Overflow 
Indication 
When overflow happens in any measurement it will be 
indicated on the decimal point of the digit 8. A separate LEO 
indicator can be used. Figure 6 shows how to connect this 
indicator. 


Number 
BCD 8 
BCD4 
BCD 2 
BCD 1 
Pin 7 
Pin 6 
Pin 17 
Pin 18 


0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
2 
0 
0 
1 
0 
3 
0 
0 
1 
1 
4 
0 
1 
0 
0 
5 
0 
1 
0 
1 
6 
0 
1 
1 
0 
7 
0 
1 
1 
1 
8 
1 
0 
0 
0 
9 
1 
0 
0 
1 


Range 
Frequency 
Period 
Frequency 
Time 
Unit 
Oscillator 
Ratio 
Interval 
Counter 
Frequency 


0.01 sll 
Cycle 
02 
02 
01 
02 
01 
02 


0.1 s/10 Cycle 
03 
03 
02 
03 
01 
03 


1 s/100 Cycle 
04 
04 
03 
04 
01 
04 


10 s/1 k Cycle 
05 
05 
04 
05 
01 
05 


External 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
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Note: If range is set to 1 event, first and last measured interval will coincide. 


Figure 
11: Waveforms 
for Time Interval 
Measurement 
(Others are similar, without 
priming 
phase) 


Time Interval Measurement 


When 
in the time 
interval 
mode 
and measuring 
a single 
event, the ICM7226A1B 
must first be "primed" 
prior to mea- 
suring the event 
of interest. 
This is done 
by first generating 
a negative 
going edge on Channel 
A followed 
by a negative 
going 
edge on Channel 
B to start the "measurement 
inter- 
val." 
The 
inputs 
are then 
primed 
ready 
for the 
measure- 
ment. 
Positive 
going edges 
on A and B, before 
or after the 
priming, 
will be needed 
to restore 
the original 
condition. 


Priming 
can 
be easily 
accomplished 
using 
the 
circuit 
in 
Figure 
10. 


Following 
the priming 
procedure 
(when 
in single 
event 
or 
1 cycle 
range 
input) 
the 
device 
is ready 
to measure 
one 
(only) event. 


When 
timing 
repetitive 
signals, 
it 
is not 
necessary 
to 
"prime" 
the 
ICM7226A1B 
as 
the 
first 
alternating 
signal 
states 
automatically 
prime the device. 
See Figure 
11. 


During 
any 
time 
interval 
measurement 
cycle, 
the 
ICM7226A1B 
requires 
200ms 
following 
B going 
low to up- 
date 
all internal 
logic. 
A new 
measurement 
cycle 
will 
not 
take place 
until completion 
of this internal 
update 
time. 


Voo 
••. 
oI~13 


0356-10 
Figure 10: Priming Circuit, Signals A&B 
Both High or Low 


Device 
Type 


1 
CD4049B 
Inverting 
Buffer 


2 
CD4070B 
Exclusive-OR 


Oscillator Consideration 


The oscillator 
is a high gain complementary 
FET inverter. 


An ex1ernal resistor 
of 10 Mn 
or 22 Mn 
should 
be connect- 
ed between 
the oscillator 
input and output 
to provide 
bias- 
ing. The oscillator 
is designed 
to work with a parallel 
reso- 
nant 10 MHz quartz crystal 
with a load capacitance 
of 22 pF 
and a series 
resistance 
of less than 
35n. 
Among 
suitable 
crystals 
is the 10 MHz CTS KNIGHTS 
ISI-002. 


For a specific 
crystal 
and load capacitance, 
the required 
gm can be calculated 
as follows: 


gm =w2 CIN COUT Rs ( 1 + ~~) 
2 


CL 
( 
CINCOUT 
) 
where 
---- 
CIN+COUT 


Crystal 
Static Capacitance 


Crystal 
Series Resistance 


Input Capacitance 


Output Capacitance 


2.".f 


Co 
Rs 


CIN 


COUT 


The reqUired gm should 
not exceed 
50% of the gm speci- 
fied for the ICM7226 
to insure reliable 
startup. 
The oscillator 
input and output 
pins each contribute 
about 4 pF to CIN and 
COUT. 
For 
maximum 
frequency 
stability, 
CIN and 
COUT 
should 
be approximately 
twice 
the specified 
crystal 
load ca- 


pacitance. 


In cases where 
nondecade 
pre scalers 
are used, it may be 
desirable 
to 
use 
a crystal 
which 
is neither 
10 
MHz 
nor 
1 MHz. 
In this 
case 
both 
the 
multiplex 
rate 
and 
the 
time 
between 
measurements 
will be different. 
The multiplex 
rate 


fose 
fose 
is fmux= 2x 
104 for 10 MHz mode and fmux= 2X 103 for the 


2xl06 
1 MHz mode. The time between 
measurements 
is --- 
in 
fose 


2xl05 
the 
10 MHz 
mode 
and 
--- 
in the 
1 MHz 
mode. 
The 
fose 


buffered 
oscillator 
output 
should 
be used 
as an oscillator 
test 
point 
or to drive 
additional 
logic; 
this 
output 
will drive 
one low power Schottky 
TIL 
load. When the buffered 
oscil- 
lator output 
is used to drive CMOS or the external 
oscillator 
input, 
a 10 kn 
resistor 
should 
be added 
from 
the buffered 
oscillator 
output 
to Voo. 


The crystal 
and oscillator 
components 
should 
be located 
as close 
to the chip 
as practical 
to minimize 
pickUp 
from 
other signals. 
In particular, 
coupling 
from the BUFFered 
OS- 


Cillator 
OUTput 
and EXTernal 
OSCillator 
INput to the OSCil- 
lator 
OUTput 
or OSCillator 
INput 
can 
cause 
undesirable 
shifts in oscillator 
frequency. 
To minimize 
this coupling, 
pins 
34 and 37 should 
be connected 
to Voo 
or Vss 
and these 
two signals 
should 
be kept away from 
the oscillator 
circuit. 


Display Considerations 


The display 
is multiplexed 
at a 500Hz 
rate with a digit time 
of 244,..s. An interdigit 
blanking 
time of 6,..s is used to pre- 
vent 
display 
ghosting 
(faint 
display 
of data 
from 
previous 
digit superimposed 
on the next digit). Leading 
zero blanking 
is provided, 
which 
blanks 
the left hand zeros 
after decimal 
point or any non-zero 
digits. Digits to the right of the decimal 
point 
are always 
displayed. 
The 
leading 
zero 
blanking 
will 
be disabled 
when 
the Main Counter 
overflows. 


The ICM7226A 
is designed 
to drive common 
anode 
LED 
displays 
at a peak 
current 
of 25 mAl segment, 
using 
dis- 
plays with VF = 1.8V at 25 mA. The average 
DC current 
will• 


••• 
••...•.•1P., '-'-VU 
,~ 
UO;'IYllt;;1U 
tV 
UJ IVtl l,;Ummon 
catnOae 
olsplays 
at 
Ii a peak current of 15 mAlsegment, 
using displays with 
g 
VF=1.8Vat 
15 mA. Resistors can be added in series with 
the segment drivers to limit the display current, if required. 
The Typical Performance Characteristics curves show the 
digit and segment currents as a function of output voltage 
for common anode and common cathode drivers. 


To increase the light output from the displays, Voo may 
be increased to 6.0V, however care should be taken to see 
that maximum power and current ratings are not exceeded. 


The SEGment and Digit outputs in both the 7226A and B 
are not directly compatible with either TTl or CMOS logic. 
Therefore, level shifting with discrete transistors may be re- 
quired to use these outputs as logic signals. ExternaLlatch- 
ing should be done on the leading edge of the digit signal. 


In a Universal Counter, crystal drift and quantization er- 
rors cause errors. In frequency, period and time Interval 
modes, a signal derived from the oscillator is used either in 
the Reference Counter or Main Counter, and in these 
modes, an error in the oscillator frequency will cause an 
identical error in the measurement. For instance, an oscilla- 
tor temperature coefficient of 20ppmrC 
will cause a mea- 
surement error of 20ppmrC. 


In addition, there is a quantization error inherent in any 
digital measurement of ± 1 count. Clearly this error is re- 
duced by displaying more digits. In the frequency mode, 
maximum accuracy is obtained with high frequency inputs, 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 12. In time In- 
terval measurements there is a maximum error of 1 count 
per interval. As a result there is the same inherent accuracy 
in all ranges, as shown in Figure 13. In frequency ratio 
measurement more accuracy can be obtained by averaging 
over more cycles of INPUT B as shown in Figure 14. 
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Figure 12: Maximum Accuracy of Frequency and 
Period Measurements 
Due to Limitations of 
Quantization Errors 
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Figure 13: Maximum Accuracy of Time Interval 
Measurements 
Due to Limitations of 
Quantization Errors 
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Figure 14: Maximum Accuracy of Frequency 
Ratio Measurement Due to Limitation of 
Quantization Errors 


APPLICATIONS 
The ICM7226 has been designed as a complete stand 
alone Universal Counter, or used with prescalers and other 
circuitry in a variety of applications. Since INPUT A and IN- 
PUT B are digital inputs, additional circuitry will be required 
in many applications, for input buffering, amplification, hys- 
teresis, and level shifting to obtain the required digital volt- 
ages. For many applications a FET source follower can be 
used for input buffering, and an ECl 10116 line receiver can 
be used for amplification and hysteresis to obtain high im- 
pedance input, sensitivity and bandwidth. However, cost 
and complexity of this circuitry can vary widely, depending 


scalers or Inpul DUTTersare usee, a pUll Up reSISlors10 VDD 
should be used to obtain optimal voltage swing at INPUTS 
A and B. 


If prescalers aren't required, the ICM7226 can be used to 
implement a minimum component Universal Counter as 
shown in Figure 15. 
For input frequencies up to 40 MHz, the circuit shown in 
Figure 16 can be used to implement a frequency and peri- 
od counter. To obtain the correct value when measuring 
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between measurements is lengthened to 800ms and the :I 
display multiplex rate is decreased to 125 Hz. 
!:! 
If the input frequency is prescaled by ten, the oscillator 
frequency can remain at either 10 MHz or 1 MHz, but the 
decimal point must be moved. Figure 17 shows use of a "'" 
10 prescaler in frequency counter mode. Additional logic 
has been added to enable the 7226 to count the input di· 
rectly in period mode for maximum accuracy. 
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Note 1: If a 2.5 MHz crystal is used, diode 01 and I.C.'s 1 and 2 can be eliminated. 
Figure 16: 40 MHz Frequency, Period Counter 


fUNCTION 


SWITCH 
1 


Cl~~~~ ~~~?oo':" 


Figure 18 shows the use of a CD4016 analog multiplexer 
to multiplex the digital outputs back to the FUNCTION Input. 
Since the CD4016 is a digitally controlled analog transmis- 
sion gate, no level shifting of the digit output is required. 
CD4051's or CD4052's could also be used to select the 
proper inputs for the multiplexed input on the ICM7226 from 
2 or 3 bit digital inputs. These analog multiplexers may also 
be used in systems in which the mode of operation is con- 
trolled by a microprocessor rather than directly from front 
panel switches. TTL multiplexers such as the 74LS153 or 
74LS251 may also be used, but some additional circuitry will 
tie required to convert the digit output to TTL compatible 
logic levels. 


The circuit shown in Figure 19 can be used in any of the 
circuit applications shown to implement a single measure- 
ment mode of operation. This circuit uses the STORE out- 
put to put the ICM7226 into a hold mode. The HOLD input 
can also be used to reduce the time between measure- 
ments. The circuit shown in Figure 20 puts a short pulse into 
the HOLD input a short time after STORE goes low. A new 
measurement will be initiated at the end of the pulse on the 
HOLD Input. This circuit reduces the time between mea- 
surements to about 40ms from 200ms; use of the circuit 
shown in Figure 20 on the circuit shown in Figure 16 will 
reduce the time between measurements from 800ms to 
about 160ms. 


Switch 
Function 


Sl 
OPEN-SINGLE MEAS MODE ENABLED 
S2 
CLOSED-INITIATE NEW MEASUREMENT 
S3 
CLOSED·HOLD INPUT 


Figure 19: Single Measurement Circuit 
for Use with ICM7226 


0356-25 
Figure 20: Circuit for Reducing Time 
between Measurements 


Using LCD Display 
Figure 21 shows the ICM7226 being interfaced to LCD 
displays, by using its BCD outputs and 8 digit lines to drive 
two ICM7211 display drivers. 


0356-27 
Figure 21: 10 MHz Universal Counter System 
with LCD Display 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICM7249 Timer/Counter is intended for long-term 
battery-supported industrial applications. The ICM7249 typi- 
cally draws 1,.,.Aduring active timing or counting, due to 
Harris' special low-power design techniques. This allows 
more than 10 years of continuous operation without battery 
replacement. The chip offers four timing modes. eight 
counting modes and four test modes. 


The ICM7249 is a 48-lead device, powered by a single DC 
voltage source and controlled by a 32.768kHz quartz crys- 
tal. No other external components are required. Inputs to 
the chip are TTL-compatible and outputs drive standard di- 
rect drive LCD segments. The chip is available in dice and in 
Plastic DIP package forms. 


b6/c6 
OT 


15 
S/S 
(START/STOP) 


gS 
c, (CONTROL INPUT) 


oS 
e, (CONTllOL INPUT) 


dS 
C, (CONTROL INPUT) 


cS 
Co (CONTROL INPUT) 


b5 
GNO 


.5 
CSC 
OUTPUT 


CSC INPUT 


VDO 


BP (IlACKPLME) 


d4 
W (WINK) 


c4 
.1 


ICM7249 
5% Digit LCD JL-Power 
Event/Hour Meter 


FEATURES 
• Hour Meter Requires Only 4 Parts Total 
• Mlcropower 
Operation: 
<1,.,.A at 2.8V Typical 
• 10 Year Operation On One Uthlum Cell 
2',4 Year Battery Life With Display Connected 
• Directly drives 5',4 Digit LCD 
• 14 Programmable Modes of Operation 
• Times Hrs., 0.1 Hrs., .01 Hrs., .1 Mins. 
• Counts 1's, 10's, 100's, 1000's 
• Dual Funtion Input Circuit: 


-Selectable 
Debounce for Counter 


-HIgh-Pass 
Filter for Timer 
• Direct AC Line Triggering 
With Input Resistor 
• Winking "Timer Active" 
Display Output 
• Display Test Feature 


APPLICATIONS 
• AC or DC Hour Meters 
• AC or DC Totalizers 
• Portable Battery Powered Equipment 
• Long Range service Meters 


Temperature Range 
Package 


- 40"C to +85"C 
48-Pin Plastic DIP 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS 
PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTiClE 
OF THE 


CONDiTION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF All 
OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED OR STATUTORY, 
INCLUrnNG 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABIUTV 
AND FITNESS 
FOR A PARTICULAR 
USE. 
203500-005 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
6V 
Input Voltage 
Pins 43-48 
(Note 1) 
(Vss 
-O.3V) 
to (Voo 
+O.3V) 
Power Dissipation 
(Note 2) 
200mW 
Operating 
Temperature 
Range 
-40'C 
to 85'C 
Storage 
Temperature 
Range 
- 65'C to 150'C 
lead 
Temperature 
(Soldering, 
1Osee) 
300'C 


Gl~ 
cot 
•••• 
NOTE: Stresses above those listed under "Absolute Maximum Ratings" :I 
may cause permanent 
damsf}8 
to the device. 
These are stress ratings only 
51! 
and functional operation of the device at these or any other conditions 


above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peri· 


ods may affect 
device 
reliability. 


a----c.:=:. r- 
6----- 


0362-11 
Figure 3: Digits Segment Assignment 
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ELECTRICAL 
CHARACTERISTICS 
Temperature= 
-40·C 
to + 8S·C, Voo 
= 2.SV to S.SV, Vss = OV, unless 
S! 
otherwise 
noted. 
Typical 
specifications 
measured 
at temperature 
= 2S·C and Voo 
= 2.8V unless otherwise 
noted. 


Symbol 
Parameter 
Test 
Conditions 
Umlts 
Units 
Mln 
Typ 
Max 


Voo 
Operating 
Voltage 
Note 3 
2.S 
S.S 
V 


100 
Operating 
Current 
Note 4, All inputs 
= VOO or GND 


Voo=2.8V 
1.0 
10.0 
/LA 


Voo=S.SV 
4.0 
20.0 
/LA 


Input 
Current: 
All Inputs VOO or GND 


IIN 
CO,C3. 
VOO=2.8V 
0.0 
1 
/LA 


Iss 
S/S 
NoteS 
O.S 
1.S 
3.0 
/LA 


lOT 
DT 
40.0 
110 
/LA 


Input 
Voltage: 


Vil 
CO,C3, DT, S/S 
0.3Voo 
V 


VIH 
O.7Voo 
V 


VOL 
Segment 
Output Voltage 
tOl = l/LA 
0.8 
V 


VOH 
IOH= l/LA 
Voo 
- 
0.8 


VOL 
Backplane 
Output Voltage 
IOl = 10/LA 
0.8 
V 


VOH 
IOH= 10/LA 
Voo 
- 
0.8 


Oscillator 
Stability: 
- 
Temp. 
= 2S·C, Voo 
= 2.SV to S.SV 
0.1 
ppm 


Temp. 
= 
-40·Cto 
+8S·C, 
S 
ppm 
Voo 
= 2.SV to S.SV 


S/S 
Pulse 
Width: 


THP 
High-pass 
Filter (Modes 
0-3) 
S 
10,000 
/Ls 


TOE 
Debounce 
(Modes 
4, 6, 8, 10) 
10,000 
/Ls 


TOE 
w/o 
Debounce 
(Modes 
S, 7, 9, 11) 
S 
/Ls 


NOTES: 1. Due to the SCR structure inherent in junction·isolated 
CMOS devices, the circuit can be put in a latchup mode 
if large currents are injected into device 
inputs or outputs. For this reason special care should be taken in a system wUh multiple power supplies to prevent voltages being applied to inputs or 
outputs before power is applied. If only inputs are affected, 
latchup also can be prevented 
by limiting the current into the input terminal to less than 
lmA. 


2. This limit refers to that of the package and will not occur dUring normal operation. 
3. Internal reset to 0ססoo requires a maximum VOO rise time of l,.,.s. Longer rise times at power-up may cause improper reset. 
4. Operating 
current is measured with the LCD disconnected. 
and input current 
155 and lOT supplied externally. 


5. Inputs Co-C:3are latched internally and draw no DC current after switching. During switching, a 9Op.A peak current may be drawn for 10 nanoseconds. 


Pin 
Name 
Description 


1 
b6/C6 
Half-digit 
LCD segment 
output. 


2 
fs 


3 
gs 


4 
es 


5 
ds 


6 
Cs 


7 
bs 


8 
as 


9 
f4 


10 
g4 


11 
e4 
Seven-segment 


12 
d4 
LCD outputs. 


13 
c4 


14 
b4 


15 
34 


16 
f3 


17 
g3 


18 
e3 


19 
d3 


20 
C3 


21 
b3 


22 
a3 


23 
f2 


24 
g2 


25 
e2 


26 
d2 


27 
c2 


28 
b2 


29 
a2 


30 
f, 


31 
g1 


32 
e1 


33 
d1 


34 
c1 


35 
b, 


36 
a1 


Pin 
Name 
Description 


37 
W 
Wink-segment 
output. 


38 
BP 
Backplane 
for LCD reference. 


39 
VDD 
Positive 
supply voltage. 


40 
OSCIN 
Quartz Crystal 
41 
OSCOUT 
connections 


42 
GND 
Supply GRounD. 


43 
Co 


44 
C1 
Mode-select 
45 
C2 
control 
inputs. 


46 
C3 


47 
S/S 
Start / Stop Input 


48 
DT 
Display Test Input 


Mode 
Control 
Pin Inputs 
Function 
C3 
C2 
C1 
Co 


0 
0 
0 
0 
0 
1 hour interval 
timer 


1 
0 
0 
0 
1 
0.1 hour interval 
timer 


2 
0 
0 
1 
0 
0.01 hour interval 
timer 


3 
0 
0 
1 
1 
0.1 minute interval 
timer 


4 
0 
1 
0 
0 
1's counter 
with debounce 


5 
0 
1 
0 
1 
l's 
counter 


6 
0 
1 
1 
0 
1O's counter 
with debounce 


7 
0 
1 
1 
1 
10's counter 


8 
1 
0 
0 
0 
1OO's counter 
with debounce 


9 
1 
0 
0 
1 
1OO's counter 


10 
1 
0 
1 
0 
1000's counter 
with debounce 


11 
1 
0 
1 
1 
1000's 
counter 


12 
1 
1 
0 
0 
Test display 
digits 


13 
1 
1 
0 
1 
Internal test 


14 
1 
1 
1 
0 
Internal 
test 


15 
1 
1 
1 
1 
Reset 
• 
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DETAILED 
DESCRIPTION 
~ 
As Figure 
2 shows 
the 
device 
consists 
of the following 
bUilding blocks: 


• A 32.768 
kHz crystal 
oscillator 
with the associated 
divid- 
ers to generate 
timebase 
signals 
for periods 
of 
1s (fre- 
quencyof 
1 Hz), 6s (1/10 
min) and 36s (1/100 
hour), and 
32 Hz signal for LCD drivers. 


• A debounce/high-pass 
detect 
circuit 
for the 
S/S 
(Startl 
Stop) 
input. 


• A chain of cascaded 
decade 
counters, 
3 decade 
counters 
for prescaling 
and 5% 
BCD decade 
counters 
for display 
driving. 


• Display 
control 
circuitry 
and BCD to 7-segment 
decoderl 
drivers. 


• A control 
decoder 
to select 
different 
modes 
of operation. 
This 
is done 
by routing 
different 
signals 
to the 
different 
points 
in the chain 
of decade 
counters. 


The control 
decoder 
has 4 inputs 
for selecting 
16 possi- 
ble modes 
of operation, 
numbered 
0 to 15. The 
16 modes 
are selected 
by placing 
the 
binary 
equivalent 
of the mode 
number 
on inputs Co to C3. Table 2 shows the control 
inputs 
and the modes 
of operation. 


After applying 
power, 
the ICM7249 
requires 
a rise time of 


T R to become 
active 
and for oscillation 
to begin, as shown 
in Figure 4. The BP (backplane) 
output 
changes 
state once 
every 
512 
cycles 
of 
the 
crystal 
oscillator, 
resulting 
in a 
square 
wave 
of 32 Hz. The display 
segments 
drive 
signal 
has the same 
level and frequency 
as BP. Segments 
are off 
when 
in phase 
with 
BP and are on when 
out of phase 
with 
BP. 


A non-multiplexed 
LCD display 
is used because 
it is more 
stable over temperature 
and allows 
many standard 
LCD dis- 


plays to be used. 


:}E 


IOO 


VDO 


Ta 
I 


OSCOUT 
I 
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Timer Mode of Operation 


In modes 
0 to 3 the device 
functions 
as an interval 
timer. 


In this mode, 
one of the timebase 
signals 
will be routed 
to 
the decade 
counters 
at a proper 
point in the chain. 
Depend- 
ing on the selected 
mode the display 
will be incremented 
at 
0.1 miri, 0.01 hour, 0.1 hour or 1 hour rates. 


Control 
of timing 
function 
is handled 
by the 
S/S 
input. 


There 
is a high-pass 
filtering 
effect 
on the S/S 
input in timer 
modes. 
Referring 
to Figure 
5, timing 
is active 
when 
either 
S/S 
is held high for more than 12.5 ms, or if input frequency 
is 50 Hz to 120 kHz. Driving 
S/S 
with a frequency 
between 
40 Hz to 50 Hz has an indeterminate 
effect 
on timing 
and 
should 
be avoided. 
Note 
that 
the 
Th 
intervals 
shown 
on 
Figure 4 are also applied 
to the intervafs 
when the S/S input 
is low. 
Counter Mode of Operation 


In modes 
4 to 11 the device 
functions 
as an event 
coun- 
ter or totalizer. 
In this mode the S/S 
input will be routed 
to 
the decade 
counters 
at a proper 
point 
in the chain. 
Each 
positive 
transition 
of 
the 
S/S 
will 
be 
registered 
as 
one 
count. 
Depending 
on the selected 
mode, the display 
will be 
incremented 
by each 
pulse, 
every 
10 pulses, 
every 
100 
pulses 
or every 
1000 pulses. 


In counter 
modes 
4,6,8 
and 10 the S/S 
input is subject- 
ed to debounce 
filtering. 
Referring 
to Figure 7, only the puls- 
es 
with 
a frequency 
of 
less 
than 
40 
Hz 
are 
valid 
and 


will be counted. 
Input 
pulses 
with a frequency 
of 50 Hz to 
120 kHz are not counted 
indivdually, 
but each burst of input 
pulses 
will 
be 
counted 
as 
one 
pulse 
if it lasts 
at 
least 
12.5ms. 
Driving 
S/S 
with 
a frequency 
between 
40 
Hz to 
50 Hz has an indeterminate 
result 
and should 
be avoided. 
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In counter 
modes 
5, 7, 9 and 
11 the 
S/S 
input 
is not 
:. 
subjected 
to any debouncing 
action 
and input pulses will be 
~ 
counted 
up to a frequency 
of 120 kHz. 


SIS ~TIMIIIG 
ACTIVE DURIIIG 1113= 
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Wink Segment 
g 
The wink 
segment 
is provided 
as an annunciator 
to indi- 
cate the 7249 is working. 
It can be connected 
to any kind of 
annunciator 
on an LCD, like the flashing 
colons 
in a clock 
type LCD. 


In the timer modes, 
the wink segment 
flashes 
while timing 


is taking 
place. 
The wink 
segment 
waveform 
is shown 
on 
Figure 6 for timer 
modes. 
On the positive 
transition 
of 5/5, 
the wink output 
turns off. It remains 
off for 16 BP cycles 
and 
turns 
back 
on for another 
16 cycles. 
If timing 
is still active, 


this will be repeated. 
giving a wink flash rate of 1 Hz; other- 
wise, 
the wink 
segment 
remains 
on while 
timing 
is not ac- 


tive. 


In the counter 
modes, 
the wink segment 
stays on until a 
pulse 
occurs 
on 
5/5 
input, 
then 
it winks 
off 
indicating 
a 
pulse is counted. 
This will happen 
regardless 
of whether 
the 
display 
is incremented. 
Figure 
8 shows 
the wink waveform 


for counter 
modes. 
When a count occurs, 
the wink segment 


turns off at the end of the 16th BP cycle 
and turns back on 
at the end of the 32nd 
BP cycle. 
giving a half-second 
wink. 


If counting 
occurs 
more frequently 
than once a second, 
the 
wink 
output 
will 
continue 
to flash 
at the 
constant 
rate 
of 
1 Hz. 


Display Test and Reset 


The display 
may be tested 
at any time without 
disturbing 
operation 
by pulsing 
DT high, as seen 
in Figure 
8. On the 
next positive 
transition 
of BP, all the segments 
turn on and 
remain 
on until the end of the 16th BP cycle. 
This takes 
a 
half-second 
or less. All the 
segments 
then 
turn off for an 
additional 
48 BP cycles 
(the end 
of the 64th 
cycle), 
after 
which valid data returns 
to the display. 
As long as DT is held 
high, the segments 
will remain 
on. 


Additional 
display testing 
is provided 
by using mode 12. In 
this mode 
each 
displayed 
decade 
is incremented 
on each 
positive 
transition 
of 5/5. 
Modes 
13 and 14 are manufactur- 
er testing 
only. 


Mode 
15 resets 
all the decades 
and internal 
counters 
to 
zero. 
essentially 
bringing 
everything 
back 
to 
power-up 
status. 
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APPLICATIONS 
A typical use of the ICM7249 is seen in Figure 10, the 
Motor Hour Meter. In this application the ICM7249 is config- 
ured as an hours-in-use meter and shows how many whole 
hours of line voltage have been applied. The 20MO resistor 
and high-pass filtering allow AC line activation of the S/S 
input. This configuration, which is powered by a 3V lithium 
cell, will operate continuously for 2'/0 years. Without the dis- 
play,.which only needs to be connected when a reading is 
required, the span of operation is extended to 10 years. 


When the ICM7249 is configured as an attendance coun- 


ter, as shown in Figure 11, the display shows each incre- 
ment. By using mode 2, external debouncing of the gate 
sWitch IS unnecessary, provided the switch bounce is less 
than 10 ms. 


The 3V lithium battery can be replaced without disturbing 
operation if a suitable capacitor is connected in parallel with 
it. The display should be disconnected, if possible, during 
the procedure to minimize current drain. The capacitor 
should be large enough to store charge for the amount of 
time needed to physically replace the battery (llt = IIVC/I). 
A 100JLFcapacitor initially charged to 3V will supply a cur- 
rent of 1.0JLAfor 50 seconds before its voltage drops to 
2.5V, which is the minimum operating voltage for the 
ICM7249. 
Before the battery is removed, the capacitor should be 
placed in parallel, across the Voo and GND terminals. After 
the battery is replaced, the capacitor can be removed and 
the display reconnected. 
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HARRIS 
SEMICONDUCTOR 


GENERAL DESCRIPTION 


The AD590 
is an integrated-circuit 
temperature 
transduc- 
er which 
produces 
an output 
current 
proportional 
to abso- 
lute temperature. 
The device 
acts as a high impedance 
con- 


stant current 
regulator, 
passing 
1p.AI"K 
for supply 
voltages 
between 
+ 4V and + 30V. Laser trimming 
of the chip's 
thin 
film resistors 
is used to calibrate 
the device 
to 298.2p.A 
out- 
put at 298.2"K 
(+ 25"C). 


The 
AD590 
should 
be used 
in any temperature-sensing 
application 
between 
- 55"C and + 150"C in which 
conven- 
tional 
electrical 
temperature 
sensors 
are 
currently 
em- 
ployed. 
The inherent 
low cost of a monolithic 
integrated 
cir- 


cuit 
combined 
with 
the 
elimination 
of 
support 
circuitry 
makes the AD590 
an attractive 
alternative 
for many temper- 
ature 
measurement 
situations. 
Linearization 
circuitry, 
preci- 


sion voltage 
amplifiers, 
resistance- 
measuring 
circuitry 
and 
cold-junction 
compensation 
are not needed 
in applying 
the 
AD590. 
In the 
simplest 
application, 
a 
resistor, 
a 
power 
source 
and any voltmeter 
can be used to measure 
tempera- 
ture. 


In addition 
to temperature 
measurement, 
applications 
in- 
clude 
temperature 
compensation 
or correction 
of discrete 
components, 
and biasing 
proportional 
to absolute 
tempera- 


ture. The AD590 
is available 
in chip form 
making 
it suitable 
for 
hybrid 
circuits 
and 
fast 
temperature 
measurements 
in 
protected 
environments. 


The AD590 
is particularly 
useful 
in remote 
sensing 
appli- 
cations. 
The device 
is insensitive 
to voltage 
drops over long 
lines due to its high-impedance 
current 
output. 
Any well-in- 
sulated 
twisted 
pair is sufficient 
for operation 
hundreds 
of 
feet 
from 
the receiving 
circuitry. 
The output 
characteristics 
also make the AD590 
easy to multiplex: 
the current 
can be 
switched 
by a CMOS 
mUltiplexer 
or the supply 
voltage 
can 
be switched 
by a logic gate output. 


AD590 
2- Wire Current Output 
Temperature Transducer 


FEATURES 


• Linear 
Current 
Output: 
1p.A/"K 


• Wide 
Range: 
-SS"C 
to + 1S0"C 


• Two-Terminal 
Device: 
Voltage 
In/Current 
Out 


• Wide 
Power 
Supply 
Range: + 4V to + 30V 


• Sensor 
Isolation 
From 
Case 


• Low Cost 


Non-Linearity 
Part 
Temperature 
Package 
FC) 
Number 
Range 


±3.0 
AD590lH 
- 55"C to + 150"C 
TO-52 


±1.5 
AD590JH 
- 55"C to + 150"C 
TO-52 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHALL BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHALL BE EXCLUSIVE 
AND SHALL BE IN LIEU OF ALL OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
300106-003 


ABSOLUTE 
MAXIMUM 
RATINGS 
(TA = + 25·C unless otherwise 
noted) 


Forward 
Yoltage 
(Y+ 
to Y-) 
+ 44Y 
Rated 
Performance 
Temperature 
Range 
ReverseYoltage(Y+ 
toY-) 
-20Y 
TO-52 
-55·Cto 
+ 150·C 
Breakdown 
Yoltage 
(Case to Y+ 
orY-) 
±200Y 
Lead Temperature 
(Soldering, 
10sec) 
+300·C 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- 65·C to + 150·C 


NOTE: Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ralings only and functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device reliabIlity. 


Characteristics 
ADS901 
ADS90J 
Units 


Output 


Nominal 
Output Current 
@ + 25·C(298.2"K) 
298.2 
298.2 
/LA 


Nominal 
Temperature 
Coefficient 
1.0 
1.0 
/LA/·K 


Calibration 
Error @ + 2S·C (Notes 
1, 5) 
±10.0 
max 
±5.0 
max 
·C 


Absolute 
Error ( - 55·C to + 150·C) (Note 7) 


Without 
External 
Calibration 
Adjustment 
±20.0 
max 
± 10.0 max 
·C 


With External 
Calibration 
Adjustment 
±5.8 
max 
±3.0 
max 
·C 


Non-Linearity 
(Note 6) 
±3.0 
max 
± 1.5 max 
·C 


Repeatability 
(Notes 
2, 6) 
±0.1 
max 
±0.1 
max 
·C 


Long Term Drift (Notes 3, 6) 
±0.1 
max 
±0.1 
max 
·C/month 


Current 
Noise 
40 
40 
pA/yHz 


Power Supply 
Rejection: 


+4Y<Y+<+5Y 
0.5 
0.5 
/LAN 
+5Y<Y+ 
< + 15Y 
0.2 
0.2 
/LAN 
+ 15Y<Y+ 
< +30Y 
0.1 
0.1 
/LAN 


Case Isolation 
to Either Lead 
1010 
1010 
fl 


Effective 
Shunt Capacitance 
100 
100 
pF 


Electrical 
Turn-On 
Time (Note 1) 
20 
20 
/Ls 


Reverse 
Bias Leakage 
Current 
(Note 4) 
10 
10 
pA 


Power Supply Range 
+4to 
+30 
+4to 
+30 
Y 


NOTES: 
1. Does not include self heating eHects. 


2. Maximum 
deviation between 
+ 25°C reading after temperature 
cycling between 
- 55°C and + lSO"C. 
3. Conditions: 
Constant 
+ SV. constant + 125°C. 


4. Leakage 
current doubles every + lo-C. 
5. Mechanical 
strain on package 
may disturb calibration 
of device. 


6. Guaranteed. But not tested. 
7. - SS"C Guaranteed 
by testing 
@ +2S·C and @ + lSO"C. 


TRIMMING 
OUT ERRORS 


The 
ideal 
graph 
of current 
versus 
temperature 
for 
the 
AD590 
is a straight 
line, but as Figure 
3 shows, 
the actual 
shape 
is slightly 
different. 
Since the sensor 
is limited 
to the 
range 
of 
- 55·C 
to 
+ 150·C, 
it is possible 
to optimize 
the 
accuracy 
by 
trimming. 
Trimming 
also 
permits 
extracting 
maximum 
performance 
from the lower-cost 
sensors. 


The circuit 
of Figure 
4 trims the slope 
of the AD590 
out- 
put. The effect 
of this is shown 
in Figure 
5. 


The circuit of Figure 6 trims both the slope and the offset. 


This is shown 
in Figure 7. The diagrams 
are exaggerated 
to 
show effects, 
but it should 
be clear that these 
trims can be lEI 
used to minimize 
errors 
over the whole 
range, 
or over 
any 
selected 
part of the range. In fact, it is possible 
to adjust the 
I-grade 
device 
to give less than 0.1·C 
error over the range 
O"C to 90·C and less than O.05·C error from 
25·C to 60"C. 


+ 
I 
VOUT-1mvrtc 


I_R:SLOPE 


ACCURACY 


Maximum 
errors 
over 
limited 
temperature 
spans. 
with 
Vs= + 5V. are listed by device 
grade 
in the following 
tables. 


The tables 
reflect the worst-case 
linearities, 
which 
invariably 
occur at the extremities 
of the specified 
temperature 
range. 


The trimming 
conditions 
for the data in the tables 
are shown 
in Figures 
4 and 6. 


All 
errors 
listed 
in the 
tables 
are 
± °C. For example. 
if 
± 1°C maximum 
error is required 
over the + 25°C to + 75°C 
range (i.e., lowest 
temperature 
of + 25°C and span of 50°C). 
then the trimming 
of a J-grade 
device, 
using the single-trim 
circuit 
(Figure 
4), will 
result 
in output 
having 
the 
required 
accuracy 
over the stated 
range. 
An I-grade 
device 
with two 
trims 
(Figure 
6) will have 
less than 
± O.2"C error. 
If the re- 
quirement 
is for 
less 
than 
± 1.4°C 
maximum 
error, 
from 


-25°C 
to + 75°C (100° span from 
-25°C), 
it can be satis- 
fied by an I-grade 
device 
with two trims. 


Number 
Temperature 
Lowest Temperature In Span - 
'C 
of 
Trims 
Span-'C 
-55 
-25 
0 
+25 
+50 
+75 
+100 
+125 


None 
10 
8.4 
9.2 
10.0 
10.8 
11.6 
12.4 
13.2 
14.4 
None 
25 
10.0 
10.4 
11.0 
11.8 
12.0 
13.8 
15.0 
16.0 
None 
50 
13.0 
13.0 
12.8 
13.8 
14.6 
16.4 
18.0 
None 
100 
15.2 
16.0 
16.6 
17.4 
18.8 
None 
150 
18.4 
19.0 
19.2 
None 
205 
20.0 


One 
10 
0.6 
0.4 
0.4 
0.4 
0.4- 
0.4 
0.4 
0.6 
One 
25 
1.8 
1.2 
1.0 
1.0 
1.0 
1.2 
1.6 
1.8 
One 
50 
3.8 
3.0 
2.0 
2.0 
2.0 
3.0 
3.8 
One 
100 
4.8 
4.5 
4.2 
4.2 
5.0 
One 
150 
5.5 
4.8 
5.5 
One 
205 
5.8 


Two 
10 
0.3 
0.2 
0.1 
. 
· 
0.1 
0.2 
0.3 
Two 
25 
0.5 
0.3 
0.2 
. 
0.1 
0.2 
0.3 
0.5 
Two 
50 
1.2 
0.6 
0.4 
0.2 
0.2 
0.3 
0.7 
Two 
100 
1.8 
1.4 
1.0 
2.0 
2.5 
Two 
150 
2.6 
2.0 
2.8 
Two 
205 
3.0 


Number 
Temperature 
Lowest Temperature In Span-'C 
of 
Span-'C 
Trims 
-55 
-25 
0 
+25 
+50 
+75 
+100 
+125 


None 
10 
4.2 
4.6 
5.0 
5.4 
5.8 
6.2 
6.6 
7.2 
None 
25 
5.0 
5.2 
5.5 
5.9 
6.0 
6.9 
7.5 
8.0 
None 
50 
6.5 
6.5 
6.4 
6.9 
7.3 
8.2 
9.0 
None 
100 
7.7 
8.0 
8.3 
8.7 
9.4 
None 
150 
9.2 
9.5 
9.6 
None 
205 
10.0 


One 
10 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
One 
25 
0.9 
0.6 
0.5 
0.5 
0.5 
0.6 
0.8 
0.9 
One 
50 
1.9 
1.5 
1.0 
1.0 
1.0 
1.5 
1.9 
One 
100 
2.3 
2.2 
2.0 
2.0 
2.3 
One 
150 
2.5 
2.4 
2.5 
One 
205 
3.0 


Two 
10 
0.1 
. 
. 
· 
· 
. 
. 
0.1 
Two 
25 
0.2 
0.1 
. 
· 
· 
. 
0.1 
0.2 
Two 
50 
0.4 
0.2 
0.1 
· 
· 
0.1 
0.2 
. 


Two 
100 
0.7 
0.5 
0.3 
0.7 
1.0 
Two 
150 
1.0 
0.7 
1.2 
Two 
205 
1.6 
• 


oo 
II)a 
C 
NOTES 
1. 
Maximum errors over all ranges are guaranteed 
based on the known behavior characteristic of the 
AD590. 
2. 
For one-trim accuracy specifications, the 205·C 
span is assumed to be trimmed at +25·C; for all 
other spans, it is assumed that 
the device is 
trimmed at the midpoint. 


3. 
For the 205·C span, it is assumed that the two-trim 
temperatures are in the vicinity of O·Cand + 140·C; 
for all other spans, the specified trims are at the 
endpoints. 


4. 
In precision applications, the actual errors encoun- 
tered are usually dependent upon sources of error 
which are often overlooked in error budgets. These 
typically include: 
a. Trim error in the calibration technique used 
b. Repeatability error 
c. Long-term drift errors 


Trim error is usually the largest error source. This error aris- 
es from such causes as poor thermal coupling between the 
device to be calibrated and the reference sensor; reference 
sensor errors; lack of adequate time for the device being 
calibrated to settle to the final temperature; radically differ- 
ent thermal resistances between the case and the sur- 
roundings (ROGA)when trimming and when applying the de- 
vice. 


Repeatability 
errors 
arise from a strain hysteresis of the 
package. The magnitude of this error is solely a function of 
the magnitude of the temperature span over which the de- 
vice is used. For example, thermal shocks between O·Cand 
100·C involve extremely low hysteresis and result in repeat- 
ability errors of less than ±0.05·C. When the thermal-shock 
excursion is widened to - 55·C to + 150·C, the device will 
typically exhibit a repeatability error of 
±0.05·C 
(±0.10 
guaranteed maximum). 


Long-term 
drift errors are related to the average operating 
temperature and the magnitude of the thermal shocks expe- 
rienced by the device. Extended use of the AD590 at tem- 
peratures above 100·C typically results in long-term drift of 
±0.03·C per month; the guaranteed maximum is ±0.10·C 
per month. Continuous operation at temperatures below 
100·C induces no measurable drifts in the device. Besides 
the effects of operating temperature, the severity of thermal 
shocks incurred will also affect absolute stability. For ther- 
mal-shock excursions less than 100·C, the drift is difficult to 
measure «0.03·C). 
However, for 200·C excursions, the de- 
vice may drift by as much as ± 0.1O·C after twenty such 
shocks. If severe, quick shocks are necessary in the appli- 
cation of the device, realistic simulated life tests are recom- 
mended for a thorough evaluation of the error introduced by 
such shocks. 
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TEMPERATURE 


0318-12 
Figure 8: Simple connection. 
Output 
Is 
proportional 
to absolute 
temperature. 


0318-13 
Figure 9: Lowest-temperature 
sensing 
scheme. 
Available 
current 
is that of the "coldest" 
sensor. 


R 
333.30 
0.1% 
(FOR 3 SENSORS) 


0318-14 
Figure 10: Average-temperature 
sensing 
scheme. The sum of the AD590 currents 
appears 
across 
R, which is chosen 
by the formula: 
10kfi 
R=-- 


n being the numb~r of sensors. 
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0318-15 
Figure 11: Single-setpolnt 
temperature 
controller. 
The AD590 produces 
a temperature-dependent 
voltage 
across 
R (C Is for filtering 
noise). Se«ing 
R2 produces 
a scale-zero 
voltage. 
For the Celsius scale, make 
R = 1kfi and VZERO =0.273 volts. For Fahrenheit, 
R = 1.8kfi and VZERO =0.460 volts. 


,....•. 
J.CHANNEl 
7 
MUX 
, 
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Figure 12: Multiplexing 
sensors. 
If shorted 
sensors 
are possible, 
a series resistor 
in series 
with the D line will limit the current 
(shown as R, above: only -one is needed). 
A six-bit 
digital word will select one of 64 sensors. 


20110 
FULL·SCALE 
ADJUST 
~ 
1OkO 
2.7315V 
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0318-17 
Figure 13: Centigrade 
thermometer 
(O·C-100·C). 
the ultra-low 
bias current 
of the ICL7611 allows the use of 
large-value 
gain-resistors, 
keeping 
meter-current 
error under Y2%, and therefore 
saving the expense 
of an 
extra meter-driving 
amplifier. 


0318-18 
Figure 14: Dlffereotlal 
thermometer. 
The 50kfi 
pot trims offsets 
In the devices 
whether 
Internal or external, 
so It can be used to set the size of the difference 
Interval. This also makes It useful for liquid-level 
detection 
(where there will be a measurable 
temperature 
difference). 
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10.98mV 
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Figure 15: COld-junction compensation 
for type K thermocouple. 
The reference junction(s) 
should be in 
close thermal contact with the AD590 case. V+ must be at least 4V, while ICL8069 current should be set at 
1mA-2mA. 
Calibration does not require shorting or removal of the thermocouple: 
set R1 for V2= 10.98mV. 
If very precise measurements 
are needed, adjust R2to the exact Seebeck coefficient 
for the thermocouple 
used (measured or from table) note V" and set R1 to buck out this voltage (i.e., set V2= V1). For other 
thermocouple 
types, adjust values to the appropriate 
Seebeck coefficient. 


+OAD590 p=,,-v 
9 
"-"," 
~--- 
0318-20 


Figure 16: Simplest thermometer. 
Meter displays current output directly in degrees Kelvin. Using the 
AD590J, sensor output Is within ± 10 degrees over the entire range. 


v+ 


R, 


R. 


R 
Ro 


••• 
123.8 


R. 


COMMON 
INLO 


AD580 


R 
R1 
R2 
R3 
R4 
RS 
I "F 
9.00 
4.02 
2.0 
12.4 
10.0 
0 
I "C 
5.00 
4.02 
2.0 
5.11 
5.0 
11.8 


5I Rn=28kfi nominal 
n~1 
All valuesin kfi 


The ICL7106 has a V,N span of ±2.0V. 
and a VCM range of (V+ 
-0.5) 
Valls 
to (V- 
+ 1) Volts; 
R is scaled 10 bring each range within VCM 
while not exceeding 
VIN. VREF for both scales 
is SOOmV. Maximum 
reading 
on the Celsius 
range 
is 199.9"C. limited 
by the (short·term) 
maximum 
allowable 
sensor 
temperature. 
Maximum 
reading 
on 
the 
Fahrenheit 
range is 199.9"F (93.3"'C). limited by the number of display 
digits. see note next page. 
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1.00 k.ll. 
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A0590 


v- 
0318-22 
Figure 18: Basic digital thermometer, 
Kelvin scale. The Kelvin scale version reads from 0 to 1999"K 
theoretically, 
and from 223"K to 473"K actually. The 2.26kfi resistor brings the input within the ICL7106 VCM 
range: 2 general-purpose 
silicon diodes or an LED may be substituted. 
IfI 
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Figure 19: Basic digital 
thermometer, 
Kelvin scale with zero adjust. This circuit 
allows "zero adjustment" 
as 
well as slope adjustment. 
The ICL8069 brings the input within 
the common-mode 
range, while the 5kfi pots 
trim any offset 
at 218'K (- 55'C), and set the scale factor. 


Note on Figure 17, Figure 18 and Figure 19: Since all 3 
scales 
have narrow VIN spans, some optimization of 
ICL7106 components can be made to lower noise and pre- 
serve CMR. The table below shows the suggested values. 
Similar scaling can be used with the ICL7126/36. 


Scale 
VIN Range (V) 
RINnkfi) 
CAZ(,..F) 


K 
0.223 to 0.473 
220 
0.47 


C 
-0.25 to +1.0 
220 
0.1 
F 
- 0.29 to + 0.996 
220 
0.1 


For all: 


CREF=O.l,..F 
CINT= 0.22,..F 
COSC=100pF 
Rosc=100kO 


HARRIS 
SEMICONDUCTOR 
ICL8069 
Low Voltage Reference 


GENERAL 
DESCRIPTION 


The ICL8069 
is a 1.2V temperature 
compensated 
voltage 
reference. 
It uses the band-gap 
principle 
to achieve 
excel- 


lent 
stability 
and 
low 
noise 
at 
reverse 
currents 
down 
to 
50)J.A. Applications 
include 
analog-to-digital 
converters, 
dig- 


ital-to-analog 
converters, 
threshold 
detectors, 
and voltage 
regulators. 
Its low power 
consumption 
makes 
it especially 
suitable 
for battery 
operated 
equipment. 


FEATURES 


• Low 
Bias Current 
- 
50)J.A Mln 


• Low 
Dynamic 
Impedance 


• Low 
Reverse 
Voltage 


• Low 
Cost 


Part Number 
Maximum 
Temperature 
Package 
Tempco 
Range 


ICL8069CCZR 
0.005%/"C 
O·Cto 
+70·C 
TO-92 


ICL8069CCSQ 
0.005%/"C 
O·Cto 
+700C 
TO-52 


ICL8069DCZR 
0.01%/"C 
OOCto +70·C 
TO-92 


ICL8069DCSQ 
0.01%/"C 
O·Cto 
+70·C 
TO-52 


ICL8069DCBA 
0.01%/"C 
O·Cto 
+70·C 
8 Lead SOIC 


ICL8069CMSQ 
0.005%/"C 
- 55·C to + 125·C 
TO-52 


ICL8069DMSQ 
0.01%/"C 
- 55·C to + 125·C 
TO-52 


r----- 
: ICLIOIt 
1 


4.7~"* 
, 
I 
I 


dOYout 
IC~' 


1II1l 1 


I.au. 


~ 


0327-2 
(b) Buffered 
10V Reference 
using a single supply. 


Figure 
1: Functional 
Diagrams 


0327-3 


(c) Double regulated 
100mV reference 
for ICL7107 one-chlp 
DPM circuit. 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PRODUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONQfTIQN 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES. 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANT'ES 
OF MERCHANTABILITY 
AND F'TNESS 
FOR A PARTICUlAR 
USE. 
303120-004 


• 


Gt 
CDo 
CO2 ABSOLUTE 
MAXIMUM 
RATINGS 


Reverse 
Voltage 
See Note 2 
Storage 
Temperature 
-65·C 
to + 150·C 
ForwardCurrent 
10mA 
Operating 
Temperature 
Reverse 
Current 
10mA 
ICL8069C 
O·C to + 70·C 
Power Dissipation 
Limited 
by max 
ICL8069M 
- 55·C to + 125·C 
forward/reverse 
current 
Lead Temperature 
(Soldering, 
10sec) 
300"C 


NOTE: Stresses above those!isted 
under "Absolute Maximum Ratings" 
may cause p6f1TJ8fl8nt damage to tho devic6. Th6selU8 
strass ratings only and functiona! 


operation of the dsvic6 at these or any other conditions 
above those indicated in tho operationa! 
sections of tho specifications 
is not implied. Exposure to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


Characteristics 


Reverse 
breakdown 
Voltage 


Reverse 
breakdown 


Voltage 
change 


Reverse 
dynamic 
impedance 


Forward 
Voltage 
Drop 


RMS Noise Voltage 


Breakdown 
voltage 


Temperature 
coefficient 


ICL8069C 


ICL8069D 


Test Conditions 


IR=500/LA 


50"A,;;IR,;;5mA 


Max 
Units 


1.25 
V 


20 
mV 


2 
n 
2 


V 


/LV 


ppm/kHR 


IR=50/LA 


IR=500/LA 


IF=500/LA 


10Hz,;;f,;;10kHz 


IR=500/LA 


IR=4.75mA 


TA=25·C 


j 


IR=500/LA 


TA = operating 


Temperature 
range 


(Note 3) 


1.18V to 1.27V 


a·Lead SOIC Package 


Figure 2: Pin Configurations 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 
VOLTAGE CHANGE AS A 
REVERSE VOLTAGE AS A 
FUNCTION OF REVERSE CURRENT 
FUNCTION OF CURRENT 
..... 
..•.. 


E•. ..... 
"c 
~ ...•• 
:-~i ..... 
~" 
0 


'.220 


1.215 


..' •••• 
~A 


V- 


Notes: 
1) If circuit strays in excess of 200pF are anticipated, 
a 4.7JLF shunt capacitor 
will ensure stability under all operating conditions. 


2) In normal USB.the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered·up 
test fixture, an instantaneous 


voltage 
equal to the compliance 
of the test circuit will be seen. This should not exceed 20V. 
3) For the military part. measurements 
are made at 25°C, - 55°C, and + 125°C. The unit is then classified as a function of the worst case T.C. from 25°C to 
- 55'C, or 25'C to + 125'C. 
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HARRIS 
SEMICONDUCTOR 


GENERAL 
DESCRIPTION 
The ICl232 is a dual RS-232 transmitter/receiver inter- 
face circuit that meets all EIA RS-232C specifications. It 
requires a single + 5V power supply, and features two on- 
board charge pump voltage converters which generate 
+10Vand 
-10V 
supplies from the 5V supply. 


The drivers feature true TIlICMOS 
input compatibility, 


slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to ±30 volts. and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 


Typical Applications 


Any System 
Requiring 
R5-232 
Communications 
Port: 


• Computers--Portable 
and Mainframe 


• Peripherals-Printers 
and Terminals 


• Portable 
Instrumentation 


• Modems 


• Dataloggers 


Part 
Temperature 
Package 
Range 


ICl232CPE 
O·Cto + 70·C 
16 Pin Plastic DIP 


ICl232CJE 
16 Pin CERDIP 


ICl232CBE 
16 Pin SOIC (WB) 


ICl232IPE 
-40·Cto 
+85·C 
16 Pin Plastic DIP 


ICL2321JE 
16 Pin CERDIP 


ICl232IBE 
16 Pin SOIC (WB) 


ICl232MJE 
-55·C to + 125·C 
16 PinCERDIP 


ICL232 
+ 5 Volt Powered Dual RS-232 
TransmitterIReceiver 


FEATURES 


• Meets 
All R5-232C 
Specifications 


• Requires 
Only Single + 5V Power 
Supply 


• Onboard 
Voltage 
Quadrupler 


• Low Power 
Consumption 


.2 
Drivers 
- 
± 9V Output 
Swing 
for + 5V Input 
-300 
Ohms 
Power-off 
Source 
Impedance 
~utput 
Current 
Limiting 
- 
TTL/CMOS 
Compatible 
-30 
VIus Maximum 
Slew 
Rate 


• 2 Receivers 
- 
± 30V Input Voltage 
Range 
-3 
to 7 kohms 
Input 
Impedance 
~.5V 
Hysteresis 
to Improve 
Noise 
Rejection 


• All Critical 
Parameters 
are Guaranteed 
Over 
the 
Entire 
Commercial, 
Industrial 
and Military 
Temperature 
Ranges 


HARRIS 
SEMICONDUCTOR'S 
SOLE AND EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PROOUCT 
SHAll 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 


CONDITION 
OF SALE. THE WARRANTY 
SHAll 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED OR STATUTORY. 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICUUlR 
USE. 
301600-003 


(\I 
'"(\I 
••• 
SO Package 
375 mW g 
derate 
-7.0 
mWI'C 
above 
70·C 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering. 
10 see) 
+ 300·C 


Operating 
Temperature 
Range 
ICL232C 
O"C to + 70·C 
ICL2321 
- 40·C to + 85·C 
ICL232M 
-55·C 
to + 125·C 


ABSOLUTE 
MAXIMUM 
RATINGS 


Vce to ground 
(GND 
- 
0.3V) < Vce < 6V 


v+ 
to ground 
(Vcc 
- 
0.3V) < V+ 
< 12V 


V- 
to ground 
-12V 
< V- 
< (GND + 0.3V) 


Input Voltages 
T1in. T2in 
(V- 
- 
0.3V) < Vin < (V+ 
+ 0.3V) 
R1 in, R2in 
± 30V 


Output 
Voltages 
T10UT' 
T20UT 
.. (V- 
- 
0.3V) < VTXOUT < (V+ 
+ 0.3V) 
R10UT, R20UT 
. 


............. 
(GND 
- 
0.3V) < VRXOUT < (v+ 
+ O.3V) 


Short 
Circuit 
Duration 
T10UT. T20uT 
Continuous 
R10UT' 
R20UT 
Continuous 


Continuous 
Total 
Power 
Dissipation 
(Ta = 25·C) 


CERDIP 
Package 
500mW 
derate 
-9.5 
mWI'C 
above 
70·C 


Plastic 
Package 
375mW 
derate 
-7.0 
mWI'C 
above 
70·C 


ELECTRICAL 
CHARACTERISTICS 
Test Conditions: 
Vcc = 
+ 5V ± 10%, Ta = operating 
temperature 
range, 


Test Circuit 
as in Figure 
3 (unless 
otherwise 
specified) 


NOTE: Stresses 
above 
those 
listed under 
"Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. 
These are stress ratings only 


and functional 
operation 
of the device 
at these 
or any other 
conditions 


above those indicated in the operalkJnal sections of the specifications 
is not 
implied. Exposure 
to absolute maximum rating conditions 
for extended peri- 


ods may affect device reliability. 


Symbol 
Parameter 
Test 
Conditions 
limits 
Units 
Mln 
Typ 
Max 


TOUT 
Transmitter 
Output Voltage 
Swing 
T10UT and T20UT loaded with 
±5 
±9 
±10 
V 
3 kO to ground 


Ice 
Power Supply Current 
Outputs 
Unloaded, 
Ta = 25·C 
5 
10 
mA 


VIL 
Tin, Input Logic Low 
0.8 
V 


VIH 
Tin, Input Logic High 
2.0 
V 


ID 
Logic Pullup Current 
T1 in, T2in = OV 
15 
200 
JLA 


Vin 
RS-232 
Input Voltage 
Range 
-30 
+30 
V 


Rin 
Receiver 
Input Impedance 
Vin = ±3V 
3.0 
5.0 
7.0 
kO 


VIN (H-L) 
Fteceiver 
Input Low Threshold 
Vcc = 5.0V, Ta = 25·C 
0.8 
1.2 
V 


VIN (L-H) 
Receiver 
Input High Threshold 
Vcc = 5.0V, Ta = 25·C 
1.7 
2.4 
V 


Vhvst 
Receiver 
Input Hysteresis 
0.2 
0.5 
1.0 
V 


VOL 
TTL/CMOS 
Receiver 
Output Voltage 
Low 
lout = 3.2mA 
0.1 
0.4 
V 


VOH 
TTLICMOS 
Receiver 
Output Voltage 
High 
lout = - 1.0mA 
3.5 
4.6 
V 


tDd 
Propagation 
Delay 
RS-232 to TTL or TTL to RS-232 
0.5 
JLs 


SR 
Instantaneous 
Slew Rate 
CL = 10 pF, RL = 3 kO, 
30 
V/JLs 
Ta = 25·C (Note 1, 2) 


SRt 
Transition 
Region Slew Rate 
RL = 3 kO, CL = 2500 pF Measured 
3 
V/JLs 
from 
+3Vto 
-3Vor 
-3Vto 
+3V 


Rout 
Output 
Resistance 
Vcc = V+ 
= V- 
= OV, Vout = ±2V 
300 
0 


Isc 
RS-232 
Output Short Circuit Current 
T1 out or T20ut shorted 
to GND 
±10 
mA 


550 V + , V - Output 
Impedances 
vs Vcc 


, 
-g 
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~ 
450 
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u 
.) 
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b) EJ(l[R1W. 
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•• GIlD 
;! 
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D100-4 
Figure 4: Power-Off Source Resistance 
Configuration 
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Current 
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DETAILED 
DESCRIPTION 


The 
ICL232 
is a dual 
AS-232 
transmitter/receiver 
pow- 


ered by a single 
+ 5V power supply which 
meets all EIA AS- 


232C 
specifications 
and features 
low power 
consumption. 


The functional 
diagram 
(Figure 
2) illustrates 
the major 
ele- 
ments 
of the 
ICL232. 
The circuit 
is divided 
into three 
sec- 
tions: 
a voltage 
quadrupler, 
dual transmitters, 
and dual re- 
ceivers. 
Voltage 
Converter 


An equivalent 
circuit of the dual charge 
pump is illustrated 
in Figure 
5. 


The voltage 
quadrupler 
contains 
two charge 
pumps which 
use two phases 
of an internally 
generated 
clock to generate 
+10Vand 
-10V. 
The nominal 
clock 
frequency 
is 16 kHz. 


During 
phase 
one of the clock, 
capacitor 
C1 is charged 
to 
Vcc. During 
phase 
two, the voltage 
on C1 is added 
to Vcc, 


producing 
a signal 
across 
C2 equal 
to twice 
Vcc. At the 
same 
time, 
C3 
is also 
charged 
to 2V cc. and 
then 
during 
phase one, it is inverted 
with respect 
to ground 
to produce 
a 
signal 
across 
C4 equal 
to 
- 2V cc. The 
voltage 
converter 
accepts 
input voltages 
up to 5.5V. The output 
impedance 
of 
the doubler 
(V+) 
is approximately 
200 ohms, and the output 
impedance 
of the inverter 
(V-) 
is approximately 
450 ohms. 


Typical 
graphs 
are presented 
which 
show 
the voltage 
con- 
verters 
output 
vs input voltage 
and output 
voltages 
vs load 
characteristics. 
The test circuit 
(Figure 3) uses 22 uF capac- 
itors for C1-C4, however, 
the value is not critical. 
Increasing 
the values 
of C1 and C2 will lower the output 
impedance 
of 
the voltage 
doubler 
and inverter, 
and increasing 
the values 
of the reservoir 
capacitors, 
C3 and C4, lowers 
the ripple on 
the V+ 
and V- 
supplies. 


Instantaneous 
Slew Rate (SR) = (0.8) (Voh - 
Vol) or (0.8) (V'" - 
Vohl 


. 
~ 
~ 
Figure 6: Slew Rate Definition 


Transmitters 


The 
transmitters 
are 
TTLICMOS 
compatible 
inverters 
which 
translate 
the inputs to AS-232 
outputs. 
The input log- 


ic threshold 
is about 
26% 
of Vcc, or 1.3V for Vcc = 5V. A 
logic 1 at the input results 
in a voltage 
of between 
-5V 
and 
V- 
at the output, 
and a logic 0 results 
in a voltage 
between 
+ 5V and (V+ 
-0.6V). 
Each transmitter 
input has an inter- 
nal 400 kilohm 
pullup 
resistor 
so any unused 
input 
can be 
left unconnected 
and its output 
remains 
in its low state. The 
output 
voltage 
swing 
meets 
the 
AS-232C 
specification 
of 


± 5V minimum 
with the worst case conditions 
of: both trans- 


mitters 
driving 
3kohm 
minimum 
load 
impedance, 


Vcc 
= 4.5V, 
and 
maximum 
allowable 
operating 
tempera- 


ture. The transmitters 
have an internally 
limited 
output 
slew 
rate which 
is less than 30V / us. The outputs 
are short circuit 
protected 
and 
can 
be shorted 
to ground 
indefinitely. 
The 
powered 
down 
output 
impedance 
is a 
minimum 
of 
300 
ohms with 
±2V 
applied 
to the outputs 
and Vcc = OV. 


~2ht 
U 


:C3 
c,+ 


~1 
52 


Vex 
W+Ct 
+5V 
INPUT 
~2 
53 
c,- 


~1 
54 


Receivers 


The receiver 
inputs 
accept 
up to ± 30V while 
presenting 
the 
required 
3 to 
7 kilohms 
input 
impedance 
even 
if the 
power 
is off (Vcc =OV). The 
receivers 
have 
a typical 
input 
threshold 
of 1.3V which 
is within 
the ± 3V limits, 
known 
as 
the 
transition 
region, 
of the 
RS-232 
specification. 
The 
re- 
ceiver 
output 
is OV to Vcc. The output 
will be low whenever 
the input is greater 
than 2.4V and high whenever 
the input is 
floating 
or driven between 
+ O.BV and 
-30V. 
The receivers 
feature 
0.5V hysteresis 
to improve 
noise 
rejection. 


C2 • 
22}'F _ 
I 
N 
T 
P 
TO 
T U 
LTRTS 
/ 
S 
C 0 
12 
M 
U 
RO 
o T 
SPCTS 
U 
T 
S 


Average Propagation 
Delay ~ ~ 
2 
Figure 9: Propagation Delay Definition 


APPLICATIONS 


The ICL232 
may be used for all RS-232 
data terminal 
and 
communication 
links. 
It is particularly 
useful 
in applications 
where 
± 12V power 
supplies 
are not available 
for conven- 
tional 
RS-232 
interface 
circuits. 
The applications 
presented 
represent 
typical 
interface 
configurations. 


A simple 
duplex 
RS-232 
port with CTS/RTS 
handshaking 
is illustrated 
in Figure 
10. Fixed output 
signals 
such as DTR 
(data terminal 
ready) 
and DSRS (data signaling 
rate select) 
is generated 
by driving 
them 
through 
a 5 kO resistor 
con- 
nected 
to V + . 


In applications 
requiring 
four 
RS-232 
inputs 
and outputs 
(Figure 
11), note that each circuit requires 
two charge 
pump 
capacitors 
(C1 and 
C2) 
but can 
share 
common 
reservoir 
capacitors 
(C3 and C4). The benefit 
of sharing 
common 
res- 
ervoir capacitors 
is the elimination 
of two capacitors 
and the 
reduction 
of the charge 
pump 
source 
impedance 
which 
ef- 
fectively 
increases 
the output 
swing of the transmitters. 
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Figure 11: Combining 
Two ICL232's for 4 Pairs of R5-232 Inputs and Outputs 
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HARRIS 
SEMICONDUCTOR 


The Harris IM6653 and IM6654 are fUllydecoded 4096 bit 
CMOS electrically programmable ROMs (EPROMs) fabri- 
cated with Harris' advanced CMOS processing technology. 
In all static states these devices exhibit the microwatt power 
dissipation typical of CMOS. Inputs and three-state outputs 
are TTL compatible and allow for direct interface with com- 
mon system bus structures. On-chip address registers and 
chip select functions simplify system interfacing require- 
ments. 
The IM6653 and IM6654 are specifically designed for pro- 
gram development applications where rapid turn-around for 
program changes is required. The devices may be erased 
by exposing their transparent lids to ultra-violet light, and 
then re-programmed. 


Part 
Temperature 
Package 
Number 
Range 


IM6653/41JG 
-40'Cto 
+ 85'C 
24-Pin CERDIP 


IM6653/4-11JG 
-40'Cto 
+85'C 
24-Pin CERDIP 


IM6653/4AIJG 
-40'Cto 
+85'C 
24-Pin CERDIP 


IM6653/4MJGo 
- 55'C to + 125'C 
24-Pin CERDIP 


IM6653/4AMJGo 
-55'C 
to + 125'C 
24-Pin CERDIP 


IM6653/IM6654 
4096-Bit 
CMOS UV EPROM 


FEATURES 
• Organization -IM6653: 
1024x 4 
IM6654: 512x8 
• Low Power-770p.W 
Maximum Standby 


• High Speed 


-300ns 
10V Access Time For IM6653/54 AI 


-450ns 
5V Access Time For IM6653/54-11 


• Single + 5V Supply Operation 


• UV Erasable 
• Synchronous 
Operation For low 
Power Dissipation 
• Three-State Outputs and Chip Select for Easy 
System Expansion 
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Figure 2: Pin Configurations 


HARRIS 
SEMICONDUCTOR'S 
SOLE 
AND 
EXCLUSIVE 
WARRANTY 
OBLIGATION 
WITH 
RESPECT 
TO THIS PAODUCT 
SHALL 
BE THAT 
STATED 
IN THE WARRANTY 
ARTICLE 
OF THE 
CONDITION 
OF SALE. THE WARRANTY 
SHALL 
BE EXCLUSIVE 
AND SHAll 
BE IN LIEU OF All 
OTHER 
WARRANTIES, 
EXPRESS, 
IMPLIED 
OR STATUTORY, 
INCLUDING 
THE IMPLIED 


WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PARTICULAR 
USE. 
16002 


••• 


ABSOLUTE 
MAXIMUM 
RATINGS 
(IM6653/54 
I, -11, M) 
:I 
C 
::::. 
Supply 
Voltages 
Storage 
Temperature 
Range 
. . . . . . . . .. 
- 65· 
to + 150"C 
C') 
voo-vss 
+8.0V 
LeadTemperature(Soldering,10sec) 
300·C 
II) 
Vcc-Vss 
+8.0V 
NOTE: Str8SSBS above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
., 
Input or Output 
Voltage 
(VSS -0.3V) 
to (Voo 
+0.3V) 
maycauseparmanantdamaga 
to th8 devic8. 
These are str8SS ratings only 
., 
Operating 
Range 
Range 
(TpJ 
and functional 
operation 
of th8 device 
at lhase 
or any othar 
conditions ! 
Industrial 
- 40°C to + 85°C 
above those indicated in the operational 
sections of thB specifications 
is not 


implied. Exposure 
to absolute maximum rating conditions 
for extended peri- 


Military 
-55·Cto 
+ 125·C 
ods mayaffactdevic8 
reliability. 


DC ELECTRICAL 
CHARACTERISTICS 


(Vee=Voo=5V 
± 10% VSS=OV, 
TA = Operating 
Temperature 
Range) 


Symbol 
Parameter 
Test 
IM6653/541, 
-11, M 
Units 
Conditions 
Mln 
Max 


VIH 
Logical"1"'nputVoltage 
E1,S 
Voo-2.0 


VIH 
Address 
Pins 
2.7 
V 


VIL 
Logical 
"0" 
Input Voltage 
0.8 


II 
Input Leakage 
GND:S:VIN:S:VOO 
-1.0 
1.0 
",A 


VOH 
Logical 
"1" 
Output Voltage 
IOH= -0.2mA 
2.4 
V 


VOL 
Logical 
"0" 
Output Voltage 
IOL=2.0mA 
0.45 


IOLK 
Output 
Leakage 
GND:S:Vo:S:Vee 
-1.0 
1.0 


ISTBY 
Standby 
Supply Current 
VIN=VOO 
100 
",A 


Ice 
VIN=VOO 
40 


100 
Operating 
Supply Current 
(1) 
f=1MHz 
6 
mA 


CI 
Input Capacitance 
Note 1 
7.0 
pF 
Co 
Output Capacitance 
Note 1 
10.0 


AC ELECTRICAL 
CHARACTERISTICS 


(Vcc=Voo=5V 
± 10% VSs=OV, 
CL =50pf, 
TA = Operating 
Temperature 
Range) 


Symbol 
Parameter 
IM6653/54-11 
IM6653/541 
IIM6653/54 
M 
Units 
Mln 
Max 
Mln 
Max 
Min 
Max 


TE1LQV 
Access 
Time From E1 
450 
550 
600 


TSLQV 
Output 
Enable Time 
110 
140 
150 


TE1HQZ 
Output 
Disable Time 
110 
140 
150 


TE1HE1L 
E1 Pulse Width (Positive) 
130 
150 
150 


TE1LE1H 
E1 Pulse Width (Negative) 
450 
550 
600 
ns 


TAVE1L 
Address 
Setup Time 
0 
0 
0 


TE1LAX 
Address 
Hold Time 
80 
100 
100 


TE2VE1L 
Chip Enable Setup Time (6654) 
0 
0 
0 


TE1LE2X 
Chip Enable 
Hold Time (6654) 
80 
100 
100 


::::. 
,",U-WOUL.U 
I E; 
m"'AIMUM 
n", •••••\:1., 
\'MOO~"/ ~"AI, 
AM} 
'" 
Supply 
Voltages 
Storage 
Temperature 
Range 
... 
. . . . . .. 
- 65'C to + 150'C 
II) 
Voo-VSS 
+ 11.0V 
Lead Temperature 
(Soldering, 
10sec) 
300'C 
: 
Vee-Vss 
+11.0V 
NOTE: Stresses 
above 
thaselisted 
under 
"Absolute 
Maximum 
Ratings" 


:1_ 
Input or Output Voltage 
(VSS -0.3V) 
to (VOO + 0.3V) 
may cause permanent 
damage to the device. 
These are stress ratings only 
Operating 
Temperature 
Range 
and funclicnal 
operalicn 
of the device 
at these 
or any other 
condilicns 
Industrial 
- 40°C to + 85°C 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
MTt 
C 
C 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peri- 


II ary 
-55' 
to +125' 
ods mayaffectdevk:8reliabilily. 


DC ELECTRICAL 
CHARACTERISTICS 


(Vee = Voo = 4.5V to 10.5V Vss = OV, TA = Operational 
Temperature 
Range) 


-Symbol 
Parameter 
Test Conditions 
IM6653/54AI, 
AM 
Units 
Mln 
Max 


VIH 
Logical 
"1" 
Input Voltage 
E1,S 
Voo-2.0 


VIH 
Address 
Pins 
VOO-2.0 
V 


VIL 
Logical 
"0" 
Input Voltage 
0.8 


II 
Input Leakage 
GND,;;VIN';;VOO 
-1.0 
1.0 
I'-A 


VOH 
Logical 
"1" 
Output Voltage 
lOUT =0 
(Note 1) 
Vcc-0.01 
V 


VOL 
Logical 
"0" 
Output Voltage 
IOUT=O 
(Note 1) 
Vss+0.01 


IOLK 
Output 
Leakage 
Vss5.Vo,;;Vee 
-1.0 
1.0 


ISTBY 
Standby 
Supply Current 
VIN=VOO 
100 
I'-A 


Ice 
VIN=VOO 
40 


100 
Operating 
Supply Current 
!=1MHz 
12 
mA 


CI 
Input Capacitance 
Note 1 
7.0 
pF 


Co 
Output Capacitance 
Note 1 
10.0 


AC ELECTRICAL 
CHARACTERISTICS 


(Vcc=Voo= 
10V ±5% 
Vss=OV, 
CL = 50p!, TA=Operating 
Temperature 
Range) 


Symbol 
Parameter 
IM6653/54 
AI 
IM6653/54 
AM 
Units 
Mln 
Max 
Mln 
Max 


TE1LQV 
Access 
Time From E1 
300 
350 


TSLQV 
Output 
Enable Time 
60 
70 


TE1HQZ 
Output 
Disable Time 
60 
70 


TE1HE1L 
E1 Pulse Width (Positive) 
125 
125 


TE1LE1H 
E1 Pulse Width (Negative) 
300 
350 
ns 


TAVE1L 
Address 
Setup Time 
0 
0 


TE1lAX 
Address 
Hold Time 
60 
60 


TE2VE1L 
Chip Enable Setup Time (6654) 
0 
0 


TE1LE2X 
Chip Enable 
Hold Time (6654) 
60 
60 


Pin 
Symbol 
Active 
Description 
Level 


1-8,23 
Ao-A7A6 
- 
Address 
Lines 


9-11,13-17 
00-07 
- 
Data Out lines, 6654 
00-03 
- 
Data Out lines, 6653 


12 
VSS 
- 
Negative 
Supply 


18 
Program 
- 
Programming 
pulse input 


19 
VOO 
- 
Chip positive 
supply, normally 
tied to VCC 


20 
E1 
L 
Strobe 
line, latches 
both address 
lines and, for 6654, Chip enable 
E2 


21 
S 
L 
Chip select 
line, must be low for valid data out 


22 
Ag 
- 
Additional 
address 
line for 6653 


E2 
L 
Chip enable 
line, latched 
by Chip enable E1 on 6654 


24' 
Vcc 
- 
Output buffer positive 
supply 


READ MODE OPERATION 


In a typical 
READ 
operation 
address 
lines 
and chip 
en- 
able E2' 
are latched 
by the falling 
edge 
of chip enable 
E1 
(T=O). 
Valid 
data appears 
at the outputs 
one access 
time 
(TELOY) 
later, 
provided 
level-sensitive 
chip select 
line S is 
low (T = 3). Data remains 
valid until either E1 or S returns 
to 
a high 
level 
(T=4). 
Outputs 
are then 
forced 
to a high-Z 
state. 


Address 
lines and E2 must be valid one setup time before 
(TAVEL), 
and one hold time after 
(TELAX), 
the falling 
edge 
of E1 starting 
the read cycle. 
Before 
becoming 
valid, 0 out- 
put lines become 
active 
(T=2). 
The 0 output 
lines return to 
a high·Z 
state 
one output 
disable 
time (TE1HOZ) 
after any 
rising edge on E1 or S. 


The program 
line remains 
high throughout 
the READ cy- 
cle. 


Chip enable 
line E1 must remain 
high one minimum 
posi- 
tive pulse width 
(TEHEL) 
before 
the next cycle 
can begin. 


OOUTP\lTS 


PROQ~--' 
T~~~---:.f-- 
.....• 
----.--__...•.. 
- 
_ 


.~ 
lIIM6S only, Eal ••••• 
only 


Time 
Inputs 
Outputs 
Notes 
Ref 
E1 
E2 
S 
A 
Q 


-1 
H 
X 
X 
X 
Z 
DEVICE INACTIVE 


0 
"-- 
L 
X 
V 
Z 
CYCLE BEGINS; 
ADDRESSES, 
E2 LATCHED' 


1 
L 
X 
X 
X 
Z 
INTERNAL 
OPERATIONS 
ONLY 


2 
L 
X 
L 
X 
A 
OUTPUTS 
ACTIVE 
UNDER 
CONTROL 
OF E1' S 


3 
L 
X 
L 
X 
V 
OUTPUTS 
VALID AFTER 
ACCESS 
TIME 


4 
..r 
X 
L 
X 
V 
READ COMPLETE 


5 
H 
X 
X 
X 
Z 
CYCLE ENDS (SAME AS -1) 
• 


~ 


v__ 
~ 


>'DVOl_~~[DAJ" I~''''DX 
•• 
Voo 
, 
, 


1-,••.••• 
_1 


~ 


~ 
OATAOUT 


---- 
<N -------t- 
V_l 
\~------- 
_----nAlI---- 
NOGUII_I 
o••• 
_ 


DC CHARACTERISTICS 
FOR PROGRAMMING 
OPERATION 


(Vcc=Voo=5V 
±5% 
Vss=OV, 
TA=25°C) 


Symbol 
Parameter 
Test 
Mln 
Typ 
Max 
Units 
Conditions 


IpROG 
Program 
Pin Load Current 
80 
100 
mA 


VPROG 
Programming 
Pulse Amplitude 
-38 
-40 
-42 
V 


Ice 
VeeCurrent 
0.1 
5 
mA 
100 
VooCurrent 
40 
100 


VIHA 
Address 
Input High Voltage 
Voo-2.0 


VILA 
Address 
Input Low Voltage 
0.8 
V 


VIH 
Data Input High Voltage 
Voo-2.0 


VIL 
Data Input Low Voltage 
0.8 


AC CHARACTERISTICS 
FOR PROGRAMMING 
OPERATION 


(Vee=Voo=5V 
±5% 
Vss=OV, 
TA=25°) 


Symbol 
Parameter 
Test 
Mln 
Typ 
Max 
Units 
Conditions 


TPLPH 
Program 
Pulse Width 
tnse = tfall = 5JLs 
18 
20 
22 
ms 


Program 
Pulse Duty Cycle 
75% 


TDVPL 
Data Setup Time 
9 
JLs 
TPHDX 
Data Hold Time 
9 


TE1HE1L 
Strobe 
Pulse Width 
150 


TAVE1L 
Address 
Setup Time 
0 
ns 
TE1LE1X 
Address 
Hold Time 
100 


TE1LQV 
Access 
Time 
1000 


PROGRAM MODE OPERATION 
Initially, all 4096 bits of the EPROM are in the logic one 
(output high) state. Selective programming of proper bit lo- 
cations to "O"s is performed electrically. 
In the PROGRAM mode for all EPROMs. Vcc and Voo 
are tied together to a + 5V operating supply. High logic lev- 
els at all of the appropriate chip inputs and outputs must be 
set at Voo -2V 
minimum. Low logic levels must be set at 
Vss +0.8V maximum. Addressing of the desired location in 
PROGRAM mode is done as in the READ mode. Address 
and data lines are set at the desired logic levels. and PRO- 
GRAM and chip select (8) pins are set high. The address is 
latched by the downward edge on the strobe line (101)' Dur- 
ing valid DATA IN time. the PROGRAM pin is pulsed from 
VOOto -40V. 
This pulse initiates the programming of the 
device to the levels set on the data outputs. Duty cycle limi- 
tations are specified from chip heat dissipation considera- 
tions. PULSE RISE AND FALL TIMES MUST NOT BE 
FASTER THAN 5".s. 
Intelligent 
programmer 
equipment 
with 
successive 
READ/PROGRAMIVERIFY sequences is recommended. 


PROGRAMMING 
SYSTEM 
CHARACTERISTICS 
1. 
During programming the power supply should be ca- 
pable of limiting peak instantaneous current to 
100mA. 


~ 
I/) 
GG 
The programming pin is driven from Voo to -40 
:. 
volts (± 2V) by pulses of 20 milliseconds duration. 
::::. 
These pulses should be applied in the sequence 
C') 
shown in the flow chart. Pulse rise and fall times of 
:: 
10 microseconds are recommended. Note that any 
G 
individual location may be programmed at any time. ! 
Addresses and data should be presented to the de- 
vice within the recommended setup/hold time and 
high/low logic level margins. Both "A" 
(10V) and 
non "A" EPROMs are programmed at Vcc. Voo of 
5V ±5%. 
Programming is to be done at room temperature. 


ERASING PROCEDURE 
The IM6653/54 are erased by exposure to high intensity 
short-wave ultraviolet light at a wavelength of 2537A. The 
recommended integrated dose (i.e.• UV intensityx exposure 
time) is lOW sec/cm2. The lamps should be used without 
short-wave filters. and the IM6653/54 to be erased should 
be placed about one inch away from the lamp tubes. For 
best results it is recommended that the device remain inac- 
tive for 5 minutes after erasure. before reprogramming. 


The erasing effect of UV light is cumulative. Care should 
be taken to protect EPROMs from exposure to direct sun- 
light or fluorescent lamps radiating UV light in the 2000A to 
4000A range. 
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In December 1988, Harris acquired the General Electric Solid State division thereby 
adding former RCA, Intersil, and GE products to the total Harris Semiconductor port- 
folio. The three which apply to Data Acquisition 
products are shown below. 


Part number descriptions 
are on the following pages. 


HARRIS 
SEMICONDUCTOR 
PART NUMBER 
DESCRIPTIONS 


PART NUMBER 
PART ORIGIN/GROUP 
DESCRIPTION 


Harris-Origin 
Devices 
A 


RCA-Origin Devices 
B 


Intersil-Origin 
Devices 
C 


H 
I 
3 - 
7151 
:::IJ 


C: 
Communications 
D: 
Digital 
I: 
Interface 


M: 
Memory 
PL: 
Programmable Logic 
S: 
Military/Aerospace 
V: 
High Voltage 


Package: 


1: 
Ceramic DIP 
1B: 
Brazed Seal 
2: 
TO-5 
3: 
Epoxy DIP 
4: 
Leadless Carriers 
4P: 
Plastic Leaded Chip Carrier 
5: 
Ceramic Substrate 
7: 
Mini DIP 
9: 
Flat Pack 
9P: 
Small Outline 
0: 
Chip Form 


Temperature: 


1: 
-55'C to +200'C 
2: 
-55'C to +125'C 
4: 
-25'C to +85'C 
5: 
O'C to +75'C 
6: 
100% 25'C Probe (Dice Only) 
7: 
O'C to +75'C with 96 hour burn-in 
8: 
Dash 8 Program; hi-rei processing with burn-in 
9: 
-40'C to +85'C 
9+: 
-40'C to +85'C with burn-in 


Prefix: 


CA: 
Linear ICs 
CA 
3306 


Device TypeJ 


Electrical 
Option 
...1 


Package: 


D: 
Ceramic DIP 
E: 
Plastic DIP 
F: 
CERDIP 
H: 
Chip 
J: 
3-Layer Ceramic Leadless Chip Carrier 
K: 
Ceramic Flat Package 
L: 
Single Layer Ceramic Leadless Chip Carrier 
M: 
Small-Outline Plastic Package 


Q: 
Plastic-Chip-Carrier Package 
• 


ICL 
7115 
J C D L 


D~IImilyT 


Suffix 
Number of Pins 


A 
8 
B 
10 


C 
12 
0 
14 
E 
16 


F 
22 


G 
24 


H 
42 
I 
28 
J 
32 


K 
35 
L 
40 
N 
18 
P 
20 
R 
3 
W 
10 (0.230' pin circle, isolated case) 
44 
44 


Prefix: 


AD: 
Analog Devices Alternate Source 


ADC: 
National Semiconductor Alternate Source 
DG: 
Siliconix Alternate Source 


ICL: 
Linear IC 


ICM: 
MicroperipherallC 


IH: 
Analog Switch Family 
1M: 
Microcontroller 
IC 


Temperature 
Range: 


C: 
Commercial: O°Cto 70°C 


I: 
Industrial: -25°C to 85°C or -40°C to 85°C 
(Specified on Datasheet) 


M: 
Military: -55°C to +125°C 


Package: 


B: 
SOIC 
0: 
Ceramic (Side-Brazed) Dual-In-Line 


F: 
Ceramic Flat-Pack 


I: 
16-Pin (.6 x .7 Pin Spacing) Hermetic Hybrid DIP 
J: 
CERDIP Dual-In-Line 
L: 
Leadless Ceramic Quad-Pack 
M: 
Plastic Quad-Pack (PQFP) 
P: 
Plastic Dual-In-Line 


S: 
TO-52 
T: 
TO-5 (Also TO-78, TO-99, TO-100) 


U: 
TO-72 (Also TO-18, TO-71) 
Z: 
TO-92 


NJ: 
Wafer 


/0: 
Dice 


Exceptions 
to Package- Type Designators 


DG (Analog Switch & MUX) Series 


A 
10-Pin Metal Can 


L 
14-Pin Flat Pack 
P 
Ceramic (Dual-In-Line Package (Special Order Only) 


K 
CERDIP 
y 
SOIC 


AD (D/A Converter)Series 
H 
TO-52 
0 
CERDIP Ceramic Dual-In-Line Package 


N 
Epoxy Dual-in-Line Package 


R 
TO-92 


ICL 7129 
C P L 
!!kL 
40 PINS ON PACKAGE 


~ 
PLASTIC DUAL-iN-LINE PACKAGE 


O· TO +70·C TEMPERATURE RANGE 
BASIC PART NUMBER 
IC FAMiLY DEViCE 


ICL 7115 
J C 0 L 


@= 


L40PINSONPACKAGE 
~ 
CERAMIC (SIDE BRAZE) DUAL-IN-L1NE 
PACKAGE 
O· TO +70·C TEMPERATURE RANGE 
'---- 
ELECTRICAL OPTION 


BASIC PART NUMBER 
IC FAMILY DEVICE 


Example 
3 


iCM 7170 
lOG 
!!kL 
24 PINS ON PACKAGE 
~ 
CERAMIC (SIDE BRAZE) DUAL-iN-LINE PACKAGE 


-40· TO +85·C TEMPERATURE RANGE 
BASIC PART NUMBER 
IC FAMILY DEVICE 


iH 
5009 
MOD 
!!kL 
14 PINS ON PACKAGE 


CERAMIC (SIDE BRAZE) DUAL-IN-L1NE PACKAGE 
-55· TO +125·C TEMPERATURE RANGE 
BASIC PART NUMBER 
IC FAMILY DEVICE 


• 


CA 
3306 
A E 
IL18-P1N PlASTIC 
ll::: ELECTRICAL OPTION 


BASIC PART NUMBER 


IC FAMILY DEVICE 


DG 
181 A A 


1L: 10 PIN METAl CAN 


O· TO +125°C TEMPERATURE RANGE 


BASIC PART NUMBER 


IC FAMILY DEVICE 


HI 3 7151 J 5 
lt1 : 0" TO .75"C TEMPERATURE RANGE 
ELECTRICAL OPTION 


BASIC PART NUMBER 
'------ 
PLASTIC DUAL-iN-LINE 
PACKAGE 


IC FAMILY DEVICE 


AD 7541 K N 


jt :PLASTIC OUAL-IN-L1NEPACKAGE 


ELECTRICAL OPTIONS, O· TO +70·C TEMP RANGE 


BASIC PART NUMBER 
ALTERNATE FAMILY DEViCE 


f 


.. 
..- 0.209-0.219 
(5.309-5.563) 
0.178-0.191 
(4.521-4.851) 1------1 
0.142-0.150 
I 
(3.607-3.810) 


SEATING PLANED_g 
I 
-. 1 
0.030 
(0.762~ 
0 0 0 


MAX 
II 
0.016-0.019 
0.500 
(0.406-0.483) -- 
-- 
(12.70) 


0.050--- 
(1.270) 


.021 (.5331 
.016 (.406) 
OIA (3) 
.019 (.483) 
0 
I 
.016 (.406) 
IA (3) 


I__ 
----'I~i----'--i-:~ 


I-~1l~:·~:~~:INJU 
r liD (4318)t· 500 
(12.700) MIN 


SEATING 
PLANE 


.105 (2.267) 
.095 (2.413) 


.055 (1.3!17) 
.045 (1.143) 


-e-3 


~MIN 
I 


(3J) 
t _~-:r2 
:~~;1;~0Sl 
~i-i-1 
OIA 


.035 
(.889) 
r-- 


.140 
(3.556) 


i 


0 350-0.370 
, 
(8890-9398) 
• 


CIA 


0.165-0.185 
~ 
(4.191-4.699) 
_~_ 
~ 
-t--t- 
--INSULATOR 
o 500 
~ 
---l 
010-0.040 
T (~~:) 
~~~~~ 1254-1016) 


-JI- 0.016-0.019 
(0.406-0.483) 


0.315-0.335 
(8001-8 
509) 


DIA 


0.029-0.045 
/ 
(0.737-1.143) 
0.028-0.034 
10.711-0.864)W/,'- 


45· EQUALLY 


SPACED 
- 


I 
' 
0.335-0.315 
18.509-8.001)" 
I 


DIA 
0.040 "'I 
(1.016) 


MAX 


SEATINGL 


PLANE-t- 


0.370- 0.350 
19.398- 8.890) 


DIA 
! 


0.185-0.165 


d+4.699-4.191) 


0.500 
(12.7) 


MIN 
• 
HEADS 
~ ~ 
~ 
~~ 


0.019-0.016 _IL 


(0.483-0.406) 
I 


0.230 
(5.842)- 
TYP 


PKG. 
LEAD 
DIM. 
DIM. 
DIM. 
DIM. 
DIM. 
DIM. 
DIM. 
DIM. 
DIM. 


COOE 
COUNT 
A. 
~B 
~O . 
F 
K 
K1 
l 
0 


X 
10 
.165 
.016 
.345 
.220 
.020 
.028 
.028 
.505 
.015 
TO·100 
-:m 
.018 
.365 
.240 
.040 
.034 
.040 
.550 
.040 


Figure 8 
TO·100 
METAL CAN LIST 


1__ 
.370-.335 
• 
HI-200 
TO-100 
Figure A 


(2.398-8.509) 
HI-300 
TO-100 
Figure A 
. .335-.305 
(8.509-7.747) 
HI-301 
TO-100 
Figure A 
~'~' 
HI-304 
TO-100 
Figure A 
(1.01B) I 
.185-.165 
• 
1(4.699-4.191) 
HI-305 
TO-100 
Figure A 
- 
- 
t 
-I 
-r--r 
HI-381 
TO-100 
Figure A 


.010-.04.!... 
.500 
HI-387 
TO-100 
Figure A 


/ 
~~ 
~ 
~~ 
(.254-1.016) 
(12.700) MIN 


.019-.016 
• 


(.483-.406) 
DIA 
DG180,181,182, 
TO-100 
Figure B 


186,187,188 


.230 
DG200 
TO-100 
Figure B 
-- (5.842)-- 


DG300-301 
TO-100 
Figure B 


IH5341 
TO-100 
Figure B 


i~~MAX 


I 
.035t.D04 
f 
10.9>0.11 
~=-£ 
t 
.15+.15/+0 
___ 
.006+.0061-0 
1-1 .0321 .012 
• 
.006~.~o: 
~.U np 
. 


NOTES: 
1. PART 
MUST 
COMPLY 
TO 
SPECIFICATION. 


2. DIMENStONS 
IN 
PARENTHESIS 
ARE 
IN 
MilLIMETERS. 


3. PART 
IS 
SYMMETRICAL 
ABOUT 
THE 
CENTERLINES 
(QJ 
SHOWN. 


AD7520 
M51 
16-PIN 
CERDIP 
HI-5043 
551 
16-PIN 
CERDIP 


AD7523 
M51 
16-PIN 
CERDIP 
HI-5044 
551 
16-PIN 
CERDIP 


AD7530 
M51 
16-PIN 
CERDIP 
HI-5045 
551 
16-PIN 
CERDIP 


ADC0802 
M51 
20-PIN 
CERDIP 
HI-5046 
551 
16-PIN 
CERDIP 


ADC0803 
M51 
20-PIN 
CERDIP 
HI-5046A 
551 
16-PIN 
CERDIP 


ADC0804 
M51 
20-PIN 
CERDIP 
HI-5047 
551 
16-PIN 
CERDIP 


DG200 
L51 
14-PIN 
CERDIP 
HI-5047A 
551 
16-PIN 
CERDIP 


DG201 
L51 
16-PIN 
CERDIP 
HI-5048 
551 
16-PIN 
CERDIP 


DG201A 
M51 
16-PIN 
CERDIP 
HI-5049 
551 
16-PIN 
CERDIP 


DG202 
M51 
16-PIN 
CERDIP 
HI-5050 
551 
16-PIN 
CERDIP 


DG300 
L51 
14-PIN 
CERDIP 
HI-5051 
551 
16-PIN 
CERDIP 


DG301 
L51 
14-PIN 
CERDIP 
HI-201H5 
M51 
16-PIN 
CERDIP 


DG302 
L51 
14-PIN 
CERDIP 
ICL232 
M51 
16-PIN 
CERDIP 


DG303 
L51 
14-PIN 
CERDIP 
ICL8052 
L51 
14-PIN 
CERDIP 


DG308A 
M51 
16-PIN 
CERDIP 
ICL8068 
L51 
14-PIN 
CERDIP 


DG309 
M51 
16-PIN 
CERDIP 
ICM7207 
L51 
14-PIN 
CERDIP 


DG508A 
M51 
16-PIN 
CERDIP 
IH5040 
M51 
16-PIN 
CERDIP 
DG509A 
M51 
16-PIN 
CERDIP 
IH5041 
M51 
16-PIN 
CERDIP 


HI-200 
551 
14-PIN 
CERDIP 
IH5042 
M51 
16-PIN 
CERDIP 
HI-201 
551 
16-PIN 
CERDIP 
IH5043 
M51 
16-PIN 
CERDIP 
HI-222 
551 
16-PIN 
CERDIP 
IH5044 
M51 
16-PIN 
CERDIP 
HI-304 
551 
14-PIN 
CERDIP 
IH5045 
M51 
16-PIN 
CERDIP 
HI-305 
551 
14-PIN 
CERDIP 
IH5046 
M51 
16-PIN 
CERDIP 
HI-306 
551 
14-PIN 
CERDIP 
IH5047 
M51 
16-PIN 
CERDIP 
HI-307 
551 
14-PIN 
CERDIP 
IH5108 
L51 
16-PIN 
CERDIP 
HI-381 
551 
14-PIN 
CERDIP 
IH5140 
M51 
16-PIN 
CERDIP 
HI-384 
551 
16-PIN 
CERDIP 
IH5141 
M51 
16-PIN 
CERDIP 
HI-387 
551 
16-PIN 
CERDIP 
IH5142 
M51 
16-PIN 
CERDIP 
HI-390 
551 
16-PIN 
CERDIP 
IH5143 
M51 
16-PIN 
CERDIP 
HI-508 
551 
16-PIN 
CERDIP 
IH5144 
M51 
16-PIN 
CERDIP 
HI-50BA 
551 
16-PIN 
CERDIP 
IH5145 
M51 
16-PIN 
CERDIP 
HI-509 
551 
16-PIN 
CERDIP 
IH5148 
L51 
16-PIN 
CERDIP 
HI-509A 
551 
16-PIN 
CERDIP 
IH5149 
L51 
16-PIN 
CERDIP 
HI-539 
551 
16-PIN 
CERDIP 
IH5150 
L51 
16-PIN 
CERDIP 
HI-548 
551 
16-PIN 
CERDIP 
IH5151 
L51 
16-PIN 
CERDIP 
HI-549 
551 
16-PIN 
CERDIP 
IH5208 
L51 
16-PIN 
CERDIP 
HI-181BA 
551 
16-PIN 
CERDIP 
IH5352 
M51 
16-PIN 
CERDIP 
HI-1828A 
551 
16-PIN 
CERDIP 
IH6108 
M51 
16-PIN 
CERDIP 
HI-5040 
551 
16-PIN 
CERDIP 
IH6201 
M51 
16-PIN 
CERDIP 
HI-5041 
551 
16-PIN 
CERDIP 
IH6208 
M51 
16-PIN 
CERDIP III 
HI-5042 
551 
16-PIN 
CERDIP 


LEADS 
A 
1.2 
I 
11 
e 
0 
El 
e. 
• 
L 
01 
1.1 
ex 


8 
.200 
.140 
.015 
.040 
.001 
.375 
.245 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.395 
.265 
.310 
Ise 
111M 
111M 
.060 
15° 


14 III 
.200 
.140 
.015 
.040 
.001 
.750 
.245 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.265 
.310 
Ise 
111M 
111M 
.060 
15° 


14 IISI 
.200 
.140 
.015 
.040 
.001 
.750 
.265 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.285 
.310 
Bse 
111M 
111M 
.060 
15° 


14 LSI 
.200 
.140 
.015 
.040 
.001 
.750 
.2115 
.300 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.305 
.320 
Bse 
111M 
111M 
.060 
15° 


16 SSI 
.200 
.140 
.015 
.040 
.001 
.750 
.245 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.265 
.310 
Bse 
111M 
111M 
.060 
15° 


16 IISI 
.200 
.140 
.015 
.040 
.001 
.750 
.265 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.2115 
.310 
Bse 
111M 
111M 
.060 
15° 


16 LSI 
.200 
.140 
.015 
.040 
.001 
.750 
.2115 
.300 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.785 
.305 
.320 
Bse 
111M 
111M 
.060 
15° 


18 
.200 
.140 
.015 
.040 
.001 
.llIlO 
.2115 
.300 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
.915 
.305 
.320 
Bse 
111M 
IIIN 
.060 
15° 


20 IISI 
.200 
.140 
.015 
.040 
.001 
.940 
.265 
.290 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
1.000 
.2115 
.310 
Bse 
111M 
111M 
.060 
15° 


20 LSI 
.200 
.140 
.015 
.040 
.001 
.940 
.2115 
.300 
.100 
.125 
.005 
.015 
0° 
MAX 
.170 
.023 
.065 
.015 
1.000 
.305 
.320 
Bse 
111M 
111M 
.060 
15° 


22 
.225 
.150 
.015 
.040 
.001 
1.055 
.375 
.400 
.100 
.125 
.005 
.015 
0° 
MAX 
.110 
.023 
.065 
.015 
1.100 
.395 
.420 
Bse 
111M 
111M 
.060 
15° 


24 SDlY 
.200 
.150 
.015 
.040 
.001 
1.240 
.285 
.300 
.100 
.125 
.005 
.015 
0° 
MAX 
.110 
.023 
.065 
.015 
1.210 
.305 
.320 
Bse 
111M 
111M 
.060 
15° 


24 
.225 
.150 
.015 
.040 
.001 
1.240 
.515 
.595 
.100 
.125 
.005 
.015 
0° 
MAX 
.110 
.023 
.065 
.015 
1.270 
.535 
.615 
Ise 
111M 
IIIN 
.060 
15° 


211 
.225 
.150 
.015 
.040 
.001 
1.440 
.515 
.595 
.100 
.125 
.005 
.015 
0° 
MAX 
.110 
.023 
.065 
.015 
1.4110 
.535 
.615 
Bse 
111M 
111M 
.060 
15° 


40 
.225 
.160 
.015 
.040 
.001 
2.035 
.515 
.595 
.100 
.125 
.005 
.015 
0° 
MAX 
.200 
.023 
.065 
.015 
2.095 
.535 
.615 
Bse 
111M 
111M 
.060 
15° 
iii 


Packaging 
OUTLINE DIMENSIONS-PLCC 
(PLASTIC LEADED CHIP CARRIERS) 


L 
er 


ODD ~l 


LEADS 
A 
A1 
0 
01 
E 
E1 
e 


28 
.165 
.090 
.485 
.450 
.485 
.450 
.050 
.180 
.120 
.495 
.456 
.495 
.456 
.050 


44 
.165 
.090 
.685 
.650 
.685 
.650 
.050 
.180 
.120 
.695 
.656 
.695 
.656 
.050 


68 
.165 
.090 
.985 
.950 
.985 
.950 
.050 
.200 
.130 
.995 
.958 
.995 
.958 
.050 


LEADS 
A 
A2 
I 
11 
e 
0 
El 
e 
e 
L 
01 
Al 
a 


II 
.200 
.125 
.015 
.040 
.00II 
.370 
.240 
.290 
.100 
.115 
.005 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
.390 
.260 
.310 
Ise 
MIN 
MIN 
MIN 
15° 


14 
.200 
.125 
.015 
.040 
.00II 
.745 
.240 
.290 
.100 
.115 
• DO!> 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
.770 
.260 
.310 
ISC 
MIN 
MIN 
MIN 
15° 


16 
.200 
.125 
.015 
.040 
.00II 
.745 
.240 
.290 
.100 
.115 
.005 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
.770 
.260 
.310 
ISC 
MIN 
MIN 
MIN 
15° 


111 
.200 
.125 
.015 
.040 
.00II 
.1I45 
.240 
.290 
.100 
.115 
.005 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
.900 
.260 
.310 
ISC 
MIN 
MIN 
MIN 
15° 


20 
.200 
.125 
.015 
.040 
.00II 
1.010 
.240 
.290 
.100 
.115 
.005 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
1.040 
.260 
.310 
Ise 
MIN 
MIN 
MIN 
15° 


22 
.200 
.145 
.015 
.040 
.00II 
1.090 
.335 
.390 
.100 
.115 
.005 
.015 
0° 
MAX 
.165 
.022 
.070 
.015 
1.120 
.355 
.410 
Ise 
MIN 
MIN 
MIN 
15° 


24 SICIlY 
.200 
.125 
.015 
.040 
.00II 
1.240 
.240 
.290 
.100 
.100 
.005 
.015 
0° 
MAX 
.135 
.022 
.070 
.015 
MAX 
.260 
.310 
ISC 
MIN 
MIN 
MIN 
15° 


24 
.225 
.145 
.015 
.040 
.00II 
1.240 
.535 
.590 
.100 
.100 
.005 
.015 
0° 
MAX 
.165 
.022 
.070 
.015 
1.270 
.560 
.610 
Ise 
.160 
MIN 
MIM 
15° 


28 
.225 
.145 
.015 
.040 
.00II 
1.440 
.535 
.590 
.1110 
.100 
.005 
.015 
0° 
MAX 
.165 
.022 
.070 
.015 
1.470 
.560 
.610 
ISC 
.160 
MIN 
MIN 
15° 


40 
.225 
.145 
.015 
.040 
.00II 
2.030 
.535 
.590 
.100 
.100 
.005 
.015 
0° 
MAX 
.165 
.022 
.070 
.015 
2.070 
.560 
.610 
ISC 
.160 
111M 
MIM 
15° 


II 


i:Lo 
en- 
en 
lI.I 


~oif 
lI.I 
Z 
at~ 
c::» 
.- 0 
atca..J 
~..J 
u<C 
ca:E 
A.~enz 
Q 
enz 
w 
:Ec 
wZ 
..JI- 
::»o 


« 
....J 


w~ 
ww 
(/)0 
~-I 
,/ 
, 
\ 
\ 
I 
I 
/ 
...... __ 
/ 


Lr 


j 
1 


LEADS 
A 
A1 
I 
e 
0 
E 
e 
H 
h 
L 


8 (II) 
.054 
.004 
.014 
.0075 
.189 
.150 
.050 
.229 
.010 
.016 
.068 
.009 
.019 
.0098 
.196 
.157 
Ise 
.244 
.019 
.050 


14 (II) 
.054 
.004 
.014 
.0075 
.337 
.150 
.050 
.229 
.010 
.016 
.068 
.009 
.019 
.0098 
.344 
.157 
Ise 
.244 
.019 
.050 


16 (II) 
.054 
.004 
.014 
.0075 
.386 
.150 
.050 
.229 
.010 
.016 
.068 
.009 
.019 
.0098 
.393 
.157 
Ise 
.244 
.019 
.050 


16 (W) 
.093 
.004 
.014 
.0091 
.398 
.292 
.050 
.394 
.010 
.016 
.104 
.011 
.019 
.0125 
.413 
.299 
Ise 
.419 
.029 
.050 


20 (W) 
.093 
.004 
.014 
.0091 
.497 
.292 
.050 
.394 
.010 
.016 
.104 
.011 
.019 
.0125 
.511 
.299 
Ise 
.419 
.029 
.050 


24 (W) 
.093 
.004 
.014 
.0091 
.599 
.292 
.050 
.394 
.010 
.016 
.104 
.011 
.019 
.0125 
.614 
.299 
Ise 
.419 
.029 
.050 


28 (W) 
.093 
.004 
.014 
.0091 
.697 
.292 
.050 
.394 
.010 
.016 
.104 
.011 
.019 
.0125 
.712 
.299 
Ise 
.419 
.029 
.050 


I 


W 
N 
e(a:m 
wc- 
en- 
ena..- 
C 
110 
C- 
.- :E 
lie( 
.=15 
UO.- 
A.~ 
Q 
enzw 
:E-c 
wz 
::::i 
••• 
::»o 


LEADS 
A 
A2 
B 
B1 
e 
0 
El 
E 
e 
L 
S 
Al 


8 
.200 
.080 
.015 
.040 
.008 
.380 
.280 
.290 
.100 
.125 
.055 
.015 
MAX 
.110 
.023 
.070 
.015 
.400 
.310 
.310 
Bse 
"IN 
MAX 
.060 


14 
.200 
.080 
.015 
.040 
.008 
.735 
.280 
.290 
.100 
.125 
.098 
.015 
MAX 
.110 
.023 
.070 
.015 
.no 
.310 
.310 
Bse 
"IN 
MAX 
.060 


16 
.200 
.080 
.015 
.040 
.008 
.7'90 
.280 
.290 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
.820 
.310 
.310 
Bse 
"IN 
MAX 
.060 


18 
.200 
.080 
.015 
.040 
.008 
.890 
.280 
.290 
.100 
.125 
.098 
.015 
MAX 
.110 
.023 
.065 
.015 
.910 
.310 
.310 
sse 
"IN 
MAX 
.060 


20 
.200 
.080 
.015 
.040 
.008 
.990 
.280 
.290 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
1.010 
.310 
.310 
sse 
"IN 
MAX 
.060 


22 
.200 
.080 
.015 
.040 
.008 
1.060 
.380 
.390 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
1.090 
.410 
.420 
sse 
"IN 
MAX 
.060 


24 
.225 
.080 
.015 
.040 
.008 
1.185 
.570 
.590 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
1.215 
.610 
.620 
sse 
"IN 
MAX 
.060 


28 
.225 
.080 
.015 
.040 
.008 
1.385 
.570 
.590 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
1.415 
.610 
.620 
Ise 
IIIN 
MAX 
.060 


40 
.225 
.080 
.015 
.040 
.008 
1.980 
.570 
.590 
.100 
.125 
.080 
.015 
MAX 
.110 
.023 
.065 
.015 
2.020 
.610 
.620 
sse 
"IN 
MAX 
.060 


I 


I 
.063 
------I~~ 
.077 


~~I -0O-O-O-O~~ 


.073 Tl 
.089 


.643 
.662 
1 
.063 
----------n~O---.1--.f 
§77 
O-n-n-n-n-n-n-n-n-n-n 
-_. 
.073Jl 
.089 
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New Products 


HI-5701 


HI-7153 


6 Bit, 30 MSPS Flash ND Converter 
. 


8-Channel10 
Bit High Speed Sampling AID Converter 
. 
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Harris Semiconductor Data Acquisition 


High Reliability/Military 
Specification/883B 
Products 
A 
I 
S"t 
h 
naog 
WI C es 


PKG 
NUMERIC 
DEVICE 
LIST 
DESCRIPTION 
LDS 
CODE 
PACKAGE 


DG18OAA/883B 
Dual SPST Analog 
Switch, 
10 OHM 
10 
l5 
Can 


DG18OAL/883B 
14 
A2 
Aat 
Pack 


DGl80AP/883B 
14 
AA 
SB CerOIP 


DG181AA/883B 
Dual SPST Analog 
Swi1ch, 30 OHM 
10 
l5 
Can 


DG181AL/883B 
14 
A2 
Aat 
Pack 
DG181AP/8s3B 
14 
AA 
SBCerOIP 


DGl82AA/883B 
Dual SPST Analog 
Switch, 
75 OHM 
10 
l5 
Can 


DGl82AP/883B 
14 
AA 
SBCerOIP 


DGl83AL/883B 
Dual 
OPST Analog 
Switch, 
10 OHM 
14 
A2 
Aat 
Pack 


OGl8ZAP/883B 
16 
AA 
SB CerOIP 


DGl84AL~~B 
Dual OPST Analog 
Switch, 
30 OHM 
14 
A2 
Aat 
Pack 
DGl84AP 
883B 
16 
AA 
SB CerOIP 


DGl85AP 
/883B 
Dual 
OPST Analog 
Switch, 
75 OHM 
16 
AA 
SB CerOIP 


DGl86AA/883B 
SPOT Analog 
Switch, 
10 OHM 
10 
l5 
Can 


DGl86AL/883B 
14 
A2 
Aat 
Pack 
DGl86AP/883B 
14 
AA 
SB CerOIP 


DG187AA/883B 
SPOT Analog 
Switch, 
30 OHM 
10 
l5 
Can 


DG187AL/883B 
14 
A2 
Aat 
Pack 
DG187AP/883B 
14 
AA 
SB CerOIP 


DGl88AAf883B 
SPOT Analog 
Switch, 
75 OHM 
10 
l5 
Can 


DGl86AP/883B 
14 
AA 
SBCerOIP 


DGl89AP/883B 
Dual SPOT Analog 
Switch, 
10 OHM 
16 
AA 
SB CerOIP 


DGl90AL/883B 
Dual 
SPOT Analog 
Switch, 
30 OHM 
14 
A2 
Aat 
Pack 
DG19OAP/883B 
16 
AA 
SB CerOIP 
~~~~~:;~ 
Dual 
SPOT Analog 
Switch, 
75 OHM 
14 
A2 
Aat 
Pack 
16 
AA 
SB CerOIP 


DG2OOAA/883B 
Dual 
SPST Analog 
Switch 
100 OHM 
10 
l5 
Can 
DG200AK/883B 
14 
CY 
CerOIP 


~:~~~~=,-8 
Dual 
SPST Analog 
Switch 
80 OHM 
14 
CY 
CerOIP 
10 
NX 
Can 


DG201AK/883B 
Quad 
SPST Analog 
Switch, 
125 OHM 
16 
CY 
CerOIP 


DG201AAK/883B 
Quad 
SPST Analog 
Switch, 
75 OHM 
16 
CY 
CerOIP 


HIHl201/883, 
-8 
Quad 
SPST Analog 
Switch 
16 
CY 
CerOIP 
HI4-0201/883 
20 
CE 
LCC 


HIHl201HS/883, 
-8 
Quad 
SPST High 
Speed 
Analog 
Switch 
16 
CY 
CerOIP 
HI4-0201 HS/883, 
-8 
20 
CE 
LCC 


DG202AK/883B 
Quad 
SPST Analog 
Switch 
175 OHMS 
16 
CY 
CerOIP 


HIHl222/883 
Dual SPST Analog 
Switch 
50 OHM 
14 
CY 
CerOIP 


DG300AAA/883B 
Dual SPST Analog 
Switch, 
50 OHM 
10 
l5 
Can 
DG300AAK/883B 
14 
CY 
CerOIP 


DG301AAA/883B 
SOPT Analog 
Switch, 
50 OHM 
10 
l5 
Can 
DG301AAK/883B 
14 
CY 
CerOIP 


OG302AAK/883B 
Dual 
OPST Analog 
Switch, 
50 OHM 
14 
CY 
CerOIP 


DG303AAK 
883B 
Dual 
SPOT Analog 
Switch 
14 
CY 
CerOIP 


HIHl304/883 
Dual 
OPST Analoa 
Switch, 
50 OHM 
14 
CY 
CerOIP 


HIHl305/883 
SOPT Analog 
Switch, 
50 OHM 
14 
CY 
CerDiP 


HIHl306/883 
Dual 
OPST Analog 
Switch, 
50 OHM 
14 
CY 
CerOIP 


DG308AAK/883B 
Quad 
SPST Analog 
Switch 
100 OHMS 
16 
CY 
CerOIP 


DG309AK/883B 
Quad 
SPST Analoa 
Switch 
100 OHMS 
16 
CY 
CerOIP 


HIHl381/883 
Dual 
OPST Analog 
Switch, 
50 OHM 
14 
CY 
CerOIP 
HI2-0381/883 
10 
A2 
Can 


HI 1-0384/883 
Dual 
OPST Analog 
Switch, 
50 OHM 
14 
CY 
CerOIP 


Harris Semiconductor Data Acquisition 


High Reliability/Military 
Specification/883B 
Products 
Analog 
Switches:Continued 


PKG 
NUMERIC 
DEVICE 
LIST 
DESCRIPTION 
LOS 
CODE 
PACKAGE 


Hll-Q390/883 
Dual SPOT Analog 
Switch 
50 OHM 
16 
CY 
CerDIP 


HI1-5040/883 
SPST Analog 
Switch 
50 OHM 
Type 
16 
CY 
CerDIP 


HI 1-5041/883, 
-8 
Dual 
DPST Analog 
Switch, 
50 OHM 
Type 
16 
CY 
CerDIP 
20 
CE 
LCC 


HI 1-5042/883 
SPOT Analog 
Switch 
50 OHM 
Type 
16 
CY 
CerDIP 


HI1-5043/883, 
-8 
Dual SPOT Analog 
Switch 
16 
CY 
CerDIP 
HI4-5043/883, 
-8 


IH5043MJE/8838 
Dual SPOT Analog 
Switch 
75 OHM 
16 
CY 
CerDIP 
20 
CE 
LCC 


HI 1-5044/8838 
Double 
Pole Single 
Throw 
(DPST) Analog 
Switch 
50 OHM 
Type 
16 
CY 
CerDIP 


HII-5045/883 
Dual 
DPST Analog 
Switch 
16 
CY 
CerDIP 
HI4-5045/883 
20 
CE 
LCC 


HI 1-5046/883 
Double 
Pole Double 
Throw 
(DPDT) Analog 
Switch 
50 OHM 
16 
CY 
CerDIP 


HII-5046A/883 
Double 
Pole Double 
Throw 
(DPDT) 
Analoo 
Switch 
25 OHM 
16 
CY 
CerDIP 


HI 1-5047/883 
Four Pole Single 
Throw 
(4PST) Analog 
Switch 
50 OHM 
16 
CY 
CerDIP 


HII-5047A/883 
Four 
Pole Single 
Throw 
(4PST) Analog 
Switch 
25 OHM 
Type 
16 
CY 
CerDIP 


HII-5048/883 
Dual DPST Analog 
Switch, 
25 OHM 
Type 
16 
CY 
CerDIP 


HII-5049/883 
Dual 
DPST Analog 
Switch 
16 
CY 
CerDIP 


,HI4-5049/883 
20 
CE 
LCC 


HII-5050/883 
SPOT Analog 
Switch 
25 OHM 
Type 
16 
CY 
CerDIP 


HII-5051/883, 
-8 
Dual SPOT Analog 
Switch 
16 
CY 
Cerdip 
HI4-5051/883, 
-8 
20 
CE 
LCC 


IH5012MDE/8838 
4 Channel 
Virtual 
Ground 
FET Switch 
16 
AA 
S8 CerDIP 


IH5053MDE/8838 
Quad 
SPST Analog 
Switch 
80 OHMS 
16 
CY 
CerDIP 


IH5140MJE 
8838 
SPST Analog 
Switch 
50 OHM 
16 
CY 
CerDIP 


IH5141MJE 
8838 
Dual SPST Analog 
Switch 
75 OHM 
16 
CY 
CerDIP 


IH5142MJE 
8838 
SPOT Analoo 
Switch 
75 OHM 
Type 
16 
CY 
CerDIP 


IH5143MJE 
8838 
Dual SPOT Analog 
Switch 
75 OHM 
16 
CY 
CerDIP 


IH5144MJE/8838 
Double 
Pole Single 
Throw 
(DPST) Analog 
Switch 
75 OHM 
16 
CY 
CerDIP 


iH5145MJE/8838 
Dual 
DPST Analoo 
Switch 
75 OHM 
16 
CY 
CerDIP 


IH5151 MJE/8838 
Dual SPOT Analog 
Switch 
30 OHM 
16 
CY 
CerDIP 


IH5341 MTW/8838 
Dual SPST Analog 
Switch 
75 OHM 
10 
T0-100 
Can 


IH5352MJE/8838 
Quad 
SPST Analog 
Switch 
75 OHM 
16 
CY 
CerDIP 


IH6201 MJE/8838 
Dual CMOS 
DriverfTranslator 
- Drive IH401A 
16 
CY 
CerDIP 


Ancillary 
Devices 


PKG 
ICE 
LIST 
DESCRIPTION 
LEADS 
CODE 
PACKAGE 


ICl232MJE8838 
+ 5 VDC 
RS 232 Transceiver 
IPower 
Converter 
16 
CY 
CerDIP 


ICl8069CMSQ/8838 
50 PPM Bandgap 
Voltage 
Reference 
2 
T0-52 
Can 


ICl8069DMSQ/8838 
tOO PPM 
Bandgap 
Voltage 
Reference 
2 
T0-52 
Can 


ICM7170AMDG/8838 
Real Time 
Clock 
24 
AA 
S8 CerDIP 


ICM7170MDG/8838 
Real Time 
Clock 
24 
AA 
S8 CerDIP 


MarriS ~emlconductor Data Acquisition 


High Reliability /MlIItary 
Speclflcatlon/SS38 
Products 
Analog to Digital Converters 


PKG 
NUMERIC 
DEVICE 
LIST 
DESCRIPTION 
LOS 
CODE 
PACKAGE 


HI1-574ASO/883 
12 Bit 25I'Sec 
A to 0 
24 
AA 
sBCerOIP 


HI4-574ASEi883 
44 
CE 
LCC 


HI1-574AT~~~ 
12 Bit 25I'Sec 
A to 0 
28 
AA 
SBCerOIP 


HI4-574ATE 
883 
44 
CE 
LCC 


HI1-574AUO/883 
12 Bil 25I'Sec 
A 10 0 
28 
AA 
SBCerOIP 


HI4-574AUEi883 
44 
CE 
LCC 


HI1-674ASD/883 
12 Bil121'Sec 
A to 0 
28 
AA 
SBCerOIP 


HI4-674AsE/883 
44 
CE 
LCC 


HI1-674AT~~~ 
12 Bit 121'Sec 
A to 0 
28 
AA 
SBCerOIP 
HI4-674ATE 
883 
44 
CE 
LCC 


HI1-674AUO/883 
12 Bit 121'Sec 
A to 0 
28 
AA 
sB 
CerOIP 
HI4-674AUEi883 
44 
CE 
LCC 


Hll- 77 4S/883 
12 Bi181'Sec 
Al0 
0 
28 
AA 
sBCerOIP 
HI4-774Si883 
44 
CE 
LCC 


Hll-774T 
/883 
12 Bit 81'Sec 
A to 0 
28 
AA 
sB 
CerOIP 
HI4-774T /883 
44 
CE 
LCC 


HI1-774U/883 
12 Bit 81'Sec 
A to 0 
28 
AA 
sB 
CerOIP 
HI4-774Ui883 
44 
CE 
LCC 


Hlt-570lT 
/883 
6 biT 30 MSPS 
Aash 
A to 0 
18 
AA 
sB 
CerOIP 


ICL7109MOL/883 
12 Bit 133I'Sec 
A to 0 
18 
AA 
SB CerOIP 


Hll-7153S/883 
10 Bit 8 Input 
MUX 5 I'Sec 
A to 0 
40 
AA 
sBCerOIP 


Digital to Analog 
Converters 


PKG 
NUMERIC 
DEVICE 
LIST 
DESCRIPTION 
LEADS 
CODE 
PACKAGE 


A0752OS0/883B 
10 Bit 0 to A Converter 
500 nsee 
16 
CY 
CerOIP 


AD7520UO/883B 
10 Bit 0 to A Converter 
500 nsee 
16 
CY 
CerOIP 


AD754lTO/883B 
12 Bit 0 to A Converter 
1 jtS8C 
18 
CY 
CerOIP 


AD7545S0/883B 
12 Bit 0 to A Converter 
2 I'S8C 
20 
CY 
CerOIP 


Hll-565ASO 
883 
12 Bit 0 to A Converter 
500 nsee w/lnt 
Reference 
20 
CY 
CerOIP 


Hll-565ATD/883 
12 Bit 0 to A Converter 
500 nsec w/lnt 
Reference 
24 
CY 
CerOIP 


Disolav 
Drivers 


PKG 
NUMERIC 
DEVICE 
LIST 
DESCRIPTION 
LEADS 
CODE 
PACKAGE 


ICM7228AMJI883B 
8 Digit 
Common 
Anode 
LED Driver 
28 
CY 
CerOIP 


ICM7228BMJI883B 
8 Digit 
Common 
Cethode 
LED Driver 
28 
CY 
CerOIP 


ICM7228CMJI883B 
8 Digit 
Common 
Anode 
LED Driver 
28 
CY 
CerOIP 


ICM72280MJI883B 
8 Digit 
Common 
Cathode 
LED Driver 
28 
CY 
CerOIP 


Analog 
Multiplexers 


PKG 
NUMERIC 
DEVICE 
UST 
DESCRIPTION 
LEADS 
CODE 
PACKAGE 


HIH)506/883 
16 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-0506i883 
28 
CE 
LCC 


DG506AAK/8838 
16 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 


HIH)506MI 
16 Channel 
OVP Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-{)506A-8 
28 
CE 
LCC 


Hll-0507/883 
Diff 8 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-0507 i883 
28 
CE 
LCC 


DG507MK/8838 
Diff 8 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 


HI 1-0507 A-a 
Diff 8 Channel 
OVP Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
H14-0507A-a 
28 
CE 
LCC 


HI 1-0508/883 
8 Channel 
Analog 
Multiplexer 
(MUX) 
18 
CY 
CerDIP 
HI~i8s3 
20 
CE 
LCC 


DG508MK/8838 
8 Channel 
Analog 
Multiplexer 
(MUX) 
16 
CY 
Hll-ososA-a 
8 Channel 
OVP Analog 
Multiplexer 
(MUX) 
16 
CY 
CerDIP 
HI4-o508A-8 
20 
CE 
LCC 


Hll-0509/883 
16 
CY 
CerDIP 
HI~i8s3 
20 
CE 
LCC 


DG509MK/8838 
Dual 4 Channel 
Analog 
Multiplexer 
(MUX) 
16 
CY 
CerDIP 


HIHl509A-8 
Diff 4 Channel 
OVP Analog 
Multiplexer 
(MUX) 
16 
CY 
CerDIP 
HI4-0509A-8 
20 
CE 
LCC 


Hll-Q516-8 
Programmable 
16/Diff 
8 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-C516-8 
28 
CE 
LCC 
Hll-Q518-8 
Programmable 
8/Diff 
4 Channel 
Analog 
Multiplexer 
(MUX) 
18 
CY 
CerDIP 
HI4-Q518-8 
20 
CE 
LCC 
Hll-Q524-8 
4 Channel 
Wideband 
Analog 
Multiplexer 
(MUX) 
18 
CY 
CerDIP 
HI4-C524-8 
20 
CE 
LCC 


DG526AK/8838 
16 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 


DG527AK/8838 
Diff 8 Channel 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 


DG528AK/8838 
8 Channel 
Analog 
Multiplexer 
(MUX) 
18 
CY 
CerDIP 


DG529AK/8838 
Dill 
4 Channel 
Analog 
Multiplexer 
IMUXl 
18 
CY 
CerDIP 


HI 1-0546/883 
16 Channel 
70Y PK RON-Match 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-0546/883 
28 
CE 
LCC 


Hll-Q547/883 
Diff 8 Channel 
7011 PK RON· Match 
Analog 
Multiplexer 
(MUX) 
28 
CY 
CerDIP 
HI4-Q547i8s3 
28 
CE 
LCC 


HI-0548~~ 
8 Channel 
70Y PK RON-Match 
Analog 
Multiplexer 
(MUX) 
16 
CY 
CerDIP 
HI4-Q548 
883 
20 
CE 
LCC 


Hll-Q549/883 
Dill 4 Channel 
70Y PK RON-Match 
Analog 
Multiplexer 
(MUX) 
16 
CY 
CerDIP 
HI4-Q549/883 
20 
CE 
LCC 


HI1-1818A/883 
8 Channel 
Analog 
Multiplexer 
(MUX) 
400 OHM 
16 
CY 
CerDIP 
HI4-1818A-a 
20 
CE 
LCC 


Hll·1828Aj883 
Dual 4 Channel 
Analog 
Multiplexer 
(MUX) 400 OHM 
16 
CY 
CerDIP 
HI4-1828Aj883 
20 
CE 
LCC 
HI4-1828A-a 
20 
CE 
LCC 
IH5108MJE/8838 
8 Channel 
Analog 
Multiplexer 
(MUX) 
1200 OHM 
18 
CY 
CerDIP 


IH5116MJI/8838 
16 Channel 
Analog 
Multiplexer 
(MUX) 
1200 OHM 
28 
CY 
CerDIP 


IH5208MJE/8838 
Dual 4 Channel 
Analog 
Multiplexer 
MUXl 
1200 OHM 
16 
CY 
CerDIP 


IH5216MJI/8838 
Dual 8 Channel 
Analog 
Multiplexer 
(MUX) 
1200 OHM 
28 
CY 
CerDIP 


1H6108MJE/8838 
8 Channel 
Analog 
Multiplexer 
(MUX) 350 OHM 
16 
CY 
Cerdip 


IH6208MJE/8838 
Dual 4 Channel 
Analog 
Multlplexer 
(MUX) 300 OHM 
16 
CY 
CerDIP 
IH6208MFE/8838 
16 
A2 
Aat 
Pack 
• 


Harris Semiconductor 
Data Acquisition 


Surface Mount Products 


ALPHANUMERIC 
DESCRIPTION 
DEVICE UST 
CERAMIC 
LEAD LESS CHIP CARRIER PACKAGES 
(LCC) 
LEADS 


CA3306CJ3 
6 Bit Rash A to D Converter 
20 * 
CA3306J3 
6 Bit Rash A to D Converter 
20 * 
HI4-{)201/883 
Quad SPST Analog Switch 
20 
H14-{)201HS/883 
Quad SPST High Speed Analog Switch 
20 
HI4-{)506/883, -8 
16 Channel Analog Multiplexer (MUX) 
28 
HI4-{)506A-8 
16 Channel Over Voltage Protected AnaJoa Multiplexer (MUX) 
28 
HI4-{)507/883 
Differential 8 Channel Analog Multiplexer (MUX) 
28 
HI4-{)507A-8 
Differential 8 Channel Over Voltaae Protected Analog Multiplexer (MUX) 
28 
HI4-{)508/883 
8 Channel Analog Multiplexer (MUX) 
20 
HI4-{)50SA-8 
8 Channel Over Voltage Protected Analog Multiplexer (MUX) 
20 
HI4-{)509/883, -8 
Differential 4 Channel Analoa Multiplexer (MUX) 
20 
HI4-{)509A-8 
Differential 4 Channel Over Voltage Protected Analog Multiplexer (MUX) 
20 
HI4-{)516-8 
Programmable 
16/Differential 8 Channel Analog Multiplexer (MUX) 
28 
HI4-{)518-8 
Programmable 8/Differential 
4 Channel Analog Multiplexer (MUX) 
20 
HI4-{)524-8 
4 Channel Wideband Analog Multiplexer (MUX) 
20 
HI4-{)546 883 
16 Channel 70V PK RON-Match Analoa Multiplexer (MUX) 
28 
HI4-{)547 883 
Differential 8 Channel 70V PK RON-Match Analoa Multiplexer (MUX) 
28 
HI4-{)548 883 
8 Channel 70V PK RON-Match Analoa Multiplexer (MUX) 
20 
HI4-{)549 883 
Differential 4 Channel 70V PK RON-Match Analog MUltiplexer (MUX) 
20 
HI4-1818A1883, -8 
8 Channel 400 OHM RON CMOS Level Analog Multiplexer (MUX) 
20 
HI4-1828A/883, 
-8 
Differential 4 Channel 400 OHM RON CMOS Level Analog Multpilexer 
20 
(MUX) 
HI4-5043 883 
Dual SPDT Analoa Switch 
20 
HI4-5045 883 
Dual DPST Analoa Switch 
20 
H14-5049 883 
Dual DPST Analog Switch 
20 
HI4-5051 883 
Dual SPDT Analog Switch 
20 
H14-574ASE 883 
12 Bit 25 !ASecA to D Converter 
44 
H14-574ATEj 883 
12 Bit 25 !ASecA to D Converter 
44 
H14-574AUE 883 
12 Bit 25 !ASecA to D Converter 
44 
HI4-674ASE 883 
12 Bit 12 !ASecA to D Converter 
44 
HI4-674ATE 883 
12 Bit 12 !ASecA to D Converter 
44 
HI4-674AUE 883 
12 Bit 12 uSec A to D Converter 
44 
H14-774S 883 
12 Bit 8 !ASecA to D Converter 
44 
H14-n4T 
883 
12 Bit 8 !ASecA to D Converter 
44 
HI4-774U 883 
12 Bit 8 !ASecA to D Converter 
44 
ICL7115JMLL 
14 Bit 40 !ASec !AProcess A to D Converter 
40 
ICL7115KMLL 
14 Bit 40 !ASec !AProcess A to D Converter 
40 


ALPHANUMERIC 
DESCRIPTION 
DEVICE LIST 
PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT (GULL-WING) 
(SOIC 
LEADS 


CA3304AM 
4 Bit Flash A to 0 Converter 
16 


CA3304M 
4 Bit Flash A to 0 Converter 
16 


CA3306CM 
6 Bit Flash A to 0 Converter 
20 


CA3306M 
6 Bit Flash A to 0 Converter 
20 


CA3310AM 
10 Bit A to 0 Converter with T/H 
24 


CA331OM 
10 Bit A to 0 Converter with T/H 
24 


CA3318CM 
8 Bit Flash CMOS Video Speed A to 0 Converter 
24 
CA3338AM 
8 Bit CMOS Video Speed 0 to A Converter 
16 
CA3338M 
8 Bit CMOS Video Speed 0 to A Converter 
16 
OG201ACY 
Quad SPST AnalOQ Switch 
16 
OG211CY 
Quad SPST Analog Switch 
16 
OG212CY 
Quad SPST Analog Switch 
16 
OG303ABY, ACY 
Dual SPOT Analog Switch 
16 
DG308ACY 
Quad SPST Analog Switch 
16 
DG309CY 
Quad SPST Analog Switch 
16 
DG506ABY. ACY 
Low Cost 16 Channel Analog Multiplexer (MUX) 
28 
DG507ABY. ACY 
Low Cost Differential 8 Channel Analog Multiplexer (MUX) 
28 
DG508ABY. ACY 
Low Cost 8 Channel Analog Multiplexer (MUX) 
16 
DG509ABY. ACY 
Low Cost Differential 4 Channel Analog Multiplexer (MUX) 
16 
DG526BY, CY 
16 Channel I!Process Compatible Analog Multiplexer (MUX) 
28 
OG527BY, CY 
Differential 8 Channel I!Process Compatible Analog Multiplexer (MUX) 
28 
DG528CY 
8 Channel I!Process Compatible AnalOQ Multiplexer (MUX) 
18 
DG529CY 
Differential 4 Channel I!Process Compatible Analog Multiplexer (MUX) 
18 
HI9P0200-5. -9 
Dual SPST Analog Switch 
14 * 


HI9P0201-5. -9 
Quad SPST Analog Switch 
16 
HI9P0201HS-5, -9 
High Speed Quad SPST Analog Switch 
16 
HI9P0506-5. -9 
16 Channel 0.1. Analog Multiplexer (MUX) 
28 
HI9P0507-5. -9 
Differential 8 Channel 0.1. Analog Multiplexer (MUX) 
28 
HI9P0508-5. -9 
8 Channel d.l. Analog Multiplexer (MUX) 
16 
HI9P0509-5. -9 
Differential 4 Channel 0.1. Analog Multiplexer (MUX) 
16 
HI9p0516-5, -9 
Programmable 
16/0ifferential 
8 Channel Analog Multiplexer (MUX) 
28 
HI9P0546-5. -9 
16 Channel ROS Match Over Voltage Protected Analog Multiplexer (MUX) 
28 
HI9P0547-5. -9 
Differential 8 Channel Over Voltage Protected Analog Multiplexer 
28 
HI9P0548-5. -9 
8 Channel RDS Match Over Voltage Protected Analog Multiplexer (MUX) 
16 
HI9P0549-5. -9 
Differential 4 Channel Over Voltage Protected Analog Multiplexer 
16 
HI9P565AAR-9, AJR-5 
12 Bit 500 NSEC 0 to A Converter with INT REF 1/2 LSB INL 
24 
HI9P565ABR-9. AKR-5 
12 Bit 500 NSEC 0 to A Converter with INT REF 1/4 LSB INL 
24 
HI9P5701B-9, K-5 
6 Bit 30 MSPS Flash A to 0 Converter 
18 
HI9P5043-5. -9 
Dual SPOT Analog Analog Switch 
16 
HI9P5045-5. -9 
Dual DPST Analog Analog 'Switch 
16 
HI9P5049-5, -9 
Dual DPST Analog Analog Switch 
16 
HI9P5051-5, -9 
Dual SPOT Analog Analog Switch 
16 
ICL232CBE. IBE 
+5V RS232 Transmit/Receive 
with Power Converter 
16 
ICL8069CCBA 
50 PPM Band-Gap Voltage Reference 
8 
ICL80690CBA 
100 PPM Band-Gap Voltage Reference 
-- 
8 
ICM7170AIBG 
I!P Compatible Real Time Clock 
24 
ICM7170IBG 
\1P Compatible Real Time Clock 
24 
ICM7228AIBI 
8 Diait Universal Driver COM Anode 
28 
ICM7228BIBI 
8 Digit Universal Driver COM Cathode 
28 • 


ALPHANUMERIC 
DESCRIPTION 
DEVICE LIST 
PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT (GULL-WING) 
(SOIC 
LEADS 
ICM7228CIBI 
8 Digit Universal Driver COM Anode 
28 
ICM7228DIBI 
8 Digit Universal Driver COM Cathode 
28 


IH5043CY 
Dual SPST Video Analog Switch 
16 
IH5352CBP,IBP 
Quad SPST Video Analog Switch 
20 


ALPHANUMERIC 
DESCRIPTION 
DEVICE LIST 
PLASTIC LEADED CHIP CARRIER PACKAGE (J-LEAD) 
(PLCC) 
LEADS 


H14P0201-5 
Quad SPST Analog Switch 
20 
HI4P0201 HS-5 
Quad SPST HI-Speed Analog Switch 
20 
H14P0222-5 
200 MHZ Dual SPST Analog Switch 
20 
HI4P0506-5 
16 Channel Analog Multiplexer (MUX) 
28 
H14P0507-5 
Differential 8 Channel Analog Multiplexer (MUX) 
28 
H14P0508-5 
8 Channel Analog Multiplexer (MUX) 
20 
H14P0509-5 
16 Channel Analoa Multiplexer (MUX) 
20 
H14P0516-5 
Programmable 
16/Differential 8 Channel Analog Multiplexer (MUX) 
28 
H14P0518-5 
Programmable 8/Differential 
4 Channel Analog Multiplexer (MUX) 
20 
H14P0524-5 
4 Channel Video 'T' Analog Multiplexer (MUX) 
20 
H14P0539-5 
Differential 4 Channel Low Level Analog Multiplexer (MUX) 
20 
HI4P0546-5 
16 Channel RDS-ON Match Over Voltage Protected Analog Multiplexer 
28 
'MUX) 
H14P0547-5 
Differential 8 Channel RDS-ON Match 
28 
Over Voltage Protected Analog Multiplexer (MUX) 
HI4P0548-5 
8 Channel RDS-ON Match Over Voltage Protected Analog Multiplexer (MUX) 
20 
H14P0549-5 
Differential 4 Channel Over Voltage Protected Analog Multiplexer (MUX) 
20 
H14P1818A-5 
8 Channel Analog Multiplexer (MUX) 
20 
H14P1828A-5 
Differential 4 Channel Analoa Multiplexer (MUX) 
20 
HI4P5043-5 
Dual SPOT Analog Switch 
20 
H14P5045-5 
Dual DPST Analog Switch 
20 
H14P5049-5 
Dual DPST 30-0HM Analog Switch 
20 
H14P5051-5 
Dual SPOT 30-0HM Analog Switch 
20 


ALPHANUMERIC 
DESCRIPTION 
/I 
DEVICE LIST 
PLASTIC LEADED QUAD FLAT-PACK 
(GULL-WING) 
(PQFP) 


ICL7106CM44 
3 1/2 Digit DVM LCD 
44 
ICL7107CM44 
3 1/2 Digit DVM COM Anode LED 
44 
ICL7116CM44 
3 1/2 Digit DISPL Hold DVM LCD 
44 
ICL7129CM44 
4 1/2 Digit DVM LCD 
44 
ICL7136CM44 
3 1/2 Digit Low Power DVM LCD 
44 
ICL7149CM44 
3 3/4 Digit Autorange DMM LCD 
44 
ICL7182CM44 
101 SEG Bar Graph DVM LCD 
44 
ICM7211AIM44 
4 Digit Decoder Driver LCD 
44 
ICM7211AMIM44 
4 Digit Decoder Driver LCD I1P Bus 
44 


mHARRIS 


• 30 MSPS Conversion 
Rate 


• No Missing 
Codes 


• Sample and Hold Not Required 


• Differential 
Linearity 
Error 
..•.•.•.•.•..•. 
±0.35 LSB 


• Integral 
Linearity 
Error •.•...•............. 
±0.5 LSB 


• CMOS/TTL 
Compatible 


• Single +5V Supply Voltage 


• Low Power CMOS ....•..................... 
250mW 


Applications 


• Video Digitizing 


• Radar Systems 


• Communication 
Systems 


• High Speed Data Acquisition 
Systems 


HI-5701 


6 Bit, 30 MSPS 
Flash AID Converter 


Description 


The 
HI-5701 
is 
a 
monol~hic, 
6 
bit, 
CMOS 
flash 
Analog-to-Digital 
Converter. It is designed for high speed 
applications 
where 
wide 
bandwidth 
and 
low 
power 
consumption 
are essential. Its 30 MSPS speed is made 
possible by a parallel arch~ecture which also eliminates the 
need for an external sample and hold circu~. The HI-5701 
delivers 
±0.35 
LSB 
differential 
nonlinearity 
while 
consuming 
only 250mW. 
Latched outputs 
are provided 
which present valid data to the output bus 1'h clock cycles 
after the convert command is received. An overflow bit is 
provided to allow the series connection of two converters, 
thus achieving 7 bit resolution. 


The HI-5701 
is available 
in commercial 
and industrial 
temperature ranges. It is available in 18 pin plastic DIP and 
SolC packages. 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


H13-5701 
K-5 
OOC<TA<+750C 
18 Pin Plastic 
DIP 


H19P-5701 
K-5 
OOC<TA<+750C 
18 Pin SOIC 


HI3-57018-9 
-400C 
< TA < +850C 
18 Pin Plastic 
DIP 


H19P-5701 
8-5 
-400C 
< TA < +850C 
18 Pin SOIC 


18 
PIN PLASTIC 
DIP 
18 PIN 
SOIC 
TOP 
VIEW 


D1 


DO (LSB) 


mHARRIS 


• 5~s Conversion 
Time 


• 8-Channel 
Multiplexer 


• 200,000 
Channels/Second 
Throughput 
Rate 


• Over 9 Effective 
Bits at 20kHz 


• No Offset 
or Gain Adjustments 
Necessary 


• Analog 
and Reference 
Inputs 
Fully Buffered· 


• On-Chip 
Track 
and Hold Amplifier 


• ~P Compatible 
Interface 


• 2's Complement 
Data Output 


• 150mW 
Power Consumption 


• Only a Single 
2.5V Reference 
Required 
for a ±2.5V 
Input 
Range 


• Out-of-Range 
Flag 


Applications 


• ~P Controlled 
Data Acquisition 
Systems 


• DSP 
~ Avionics 


~ Sonar 


• Process 
Control 
~ Automotive 
Transducer 
Sensing 


~ Industrial 


• Robotics 


• Digital 
Communications 


HI-7153 


8-Channel 
10 Bit High Speed 
Sampling 
AID 
Converter 


General Description 


The HI-7153 
is an il-channel 
high 
speed 
10 bit A/D 
converter which uses a Two Step Flash algorithm to achieve 
through-put 
rates of 200kHz. The converter features an 
a-channel 
CMOS analog multiplexer with random channel 


addressing. A unique switched capacitor technique allows 
a new input voltage to be sampled while a conversion is 
taking place. 


Internal high speed CMOS buffers at both the analog and 
reference inputs simplifies interface requirements. 


A Track 
and 
Hold 
amplifier 
is 
included 
on 
the 
chip, 


consisting of two high speed amplifiers and an internal hold 
capacitor, reducing external circuitry. 


Microprocessor 
bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 
digital 
three-state 
outputs 
are 
byte 
organized 
for 
bus 
interface to a or 16 bit systems. An Out-of-Range 
pin, 


together with the MSB bit, can be used to indicate an under 
or over-range condition. 


The HI-7153 
operates with ±5V supplies. Only a single 
+2.5V reference is required to provide a bipolar input range 
from -2.5V to +2.5V. 
Ordering Information 


LINEARITY 
TEMPERATURE 
PART NO. 
(MAX.ILE) 
RANGE 
PACKAGE 


HI3-7153J-5 
±1.0 
LSB 
OOCto+75OC 
40 Pin Plastic DIP 


HI3-7153A-9 
±1.0LSB 
-4QOC to +85OC 
40 Pin Plastic DIP 


HI1-71538-2 
±1.0LSB 
-55OC to +1250C 
40 Pin Ceramic 
DIP 


HI1-7153S1883 
±1.0LSB 
-55OC to + 1250C 
40 Pin Ceramic 
DIP 


Pinout 
HI-7153 
Functional Diagram 
TOP VIEW 
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BUS 


Copyright 
© Harris 
Corporation 
1991 
File Number 
2787.2 


16-10 


Absolute Maximum Ratings 


Supply 
Voltage 
V+ toGnd 
(oG/AG/GNo) 
........•......... 
-O.3V<V+ 
<+5.7V 
V-to 
Gnd(oG/AG/GNo) 
-5.7V <V- 
<+0.3V 


Analog 
Input Pins (Note 1) 
(AINO-AIN7' 
VREF) 
V- -0.3V < VINA < V+ +0.3V 


Digital I/O Pins(Note1L.:.:'='':':-:'': 
oG -0.3V< 
VI/O <V+ 
+0.3V 
(00-09, 
OVR, CLK, CS, Ro, WR, ALE, SMOoE, 
HOLD, 
EOC, 
HBE, BUS, AO-A2, TEST) 


Power Dissipation 
(Note 2) 
500mW 
Derate above +700C 
at 10mW/OC 


Operating 
Temperature 
Range 
HI3-7153X-5 
...................•.....•....... 
OOCto + 750C 
HI3-7153X-9 
...................•.......••. 
-400C 
to +850C 
HI1-7153X-2 
..................•.....•.... 
-550Cto+1250C 


Storage Temperature 
Range 
-650C 
to +1500C 


Lead Temperature 
(soldering, 
10s) 
3000C 


Stresses 
above 
those 
fisted 
under 
"Absolute 
MaJf.imum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
These 
8r8 stress 
ratings 
onfy 
and 
functional 


operation 
of the 
device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to 
absolute maximum rating conditions 
for extended periods may affect device reliability. 


Electrical Characteristics 
(Note 4), V+ = +5V, V- = -5V, VREF = +2.50V, 
fclk 
= 600kHz, 
lR = tF.s 
25ns, 
50% duty cycle. 


All typical 
values 
have 
been 
characterized 
but are not tested. 


(Note 
3) 
J,A,SGRAoE 


SYMBOL 
PARAMETER 
TEMPERATURE 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


RES 
Resolution 
TA=+250C 
10 
- 
- 
Bits 
(Note 5) 


™IN.sTA5TMAX 
10 
- 
- 
Bits 


ILE 
Integral 
Linearity 
Error 
TA =+250C 
- 
±0.5 
±1.0 
LSB 


™IN,STA5:TMAX 
- 
±0.75 
±1.0 
LSB 


OLE 
Differential 
Linearity 
Error 
TA=+250C 
- 
±0.5 
±1.0 
LSB 


TMIN 5:TA.5™AX 
- 
±0.75 
±1.0 
LSB 


VOS 
Bipolar 
Offset 
Error 
TA = +250C 
- 
±1.0 
±2.5 
LSB 


TMIN5TA~TMAX 
- 
±1.5 
±3.0 
LSB 


FSE 
Unadjusted 
Gain Error 
TA = +250C 
- 
±1.0 
±2.5 
LSB 


™IN5:TA5TMAX 
- 
±1.5 
±3.0 
LSB 


Channel to Channel Mismatch 
TA = +250C 
- 
±0.02 
- 
LSB 


™IN5TA5:TMAX 
- 
±0.02 
- 
LSB 


NOTES: 


1. Input 
voltages 
may exceed 
the 
supply 
voltage, 
one 
input 
or channel 
at a time, 
prOVided 
the input 
current 
is limited 
to ±1 OmA. 


2. 
Dissipation 
rating 
assumes 
device 
is mounted 
with 
all leads 
soldered 
to printed 
circuit 
board. 


3. 
See Ordering 
Information 
Table 


4. 
FSR (Full 
Scale 
Range) 
- 
2 x VREF 
(5.QOV at VREF 
""' 2.50V). 
LSB 
(Least 
Significant 
Bit) = FSR/1024 
(4.88mV 
al VREF = 2.50V). 


5. 
Parameter 
Not tested. 
Parameter 
guaranteed 
by design, 
simulation, 
or characterization. 


II 


_____ 
•• 
__ 
0 
_'0'" 
__ ."",.""",,,0 
' •....u.lunueOI 
(NOle 4), V+ 
= +5V, 
V- 
= -SV, VREF 
= +2.50V, 
TA = 
+250C, 
fclk 
= 600kHz, 
tR = tF oS 2509, 50% duty cycle. All typical 
values have been characterized 
but are not 
tested. 


+250C 


SYMBOL 
PARAMETER 
CONDITIONS 
TYP 
I 
UNITS 


DYNAMIC 
CHARACTERISTICS 


SNR 
Signal to Noise Ratio 
fiN = 4.932kHz, 
±2.5V 
59 
dB 


fiN = 14.697kHz, 
±2.5V 
59 
dB 


fiN = 24.462kHz, 
±2.5V 
58 
dB 


fiN = 43.994kHz, 
±2.5V 
56 
dB 


SINAO 
Signal to Noise + Distortion 
fiN = 4.932kHz, 
±2.5V 
59 
dB 


fiN = 14.697kHz, 
±2.5V 
58 
dB 


fiN = 24.462kHz, 
±2.5V 
55 
dB 


fiN = 43.994kHz, 
±2.5V 
48 
dB 


THO 
Total Harmonic 
Distortion 
fiN = 4.932kHz, 
±2.5V 
-66 
dBc 


fiN = 14.697kHz, 
±2.5V 
-61 
dBc 


fiN = 24.462kHz, 
±2.5V 
-56 
dBc 


fiN = 43.994kHz, 
±2.5V 
-48 
dBc 


SFOR 
Spurious-Free 
Dynamic 
Range 
fiN = 4.932kHz, 
±2.5V 
-76 
dB 


fiN = 14.697kHz, 
±2.5V 
-77 
dB 


fiN = 24.462kHz, 
±2.5V 
-77 
dB 


fiN = 43.994kHz, 
±2.5V 
-74 
dB 


DC Electrical 
Characteristics 
(Note 
4), 
V+ 
= 
+5V, 
V- 
= 
-5V, 
VREF 
= 
+2.50V, 
TA 
= 
+250C, 
fclk 
= 
600kHz, 


tR = tF.s 
25ns, 
50% 
duty 
cycle, 
unless 
otherwise 
specified. 
All typical 
values 
have been 
characterized 
but are not tested. 


+250C 
00Cto+750C 
-40 to +850C 
~55 
to +1250C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP I MAX I MIN 
MAX 
MtN 
MAX I MIN I MAX 
UNIT 


ANALOG 
MULTIPLEXER 
INPUT 


VIR 
InpulRange 
-VREF 
- 
+VREF 
-VREF 
+VREF 
-VREF 
+VREF 
-VREF 
+VREF 
V 


RIN 
Input Resistance 
- 
10 
- 
- 
Mfl 


IBI 
Input Leak. Current 
AIN=OV 
- 
0.Q1 
100 
- 
100 
- 
100 
- 
100 
nA 


CAIN(ON) 
On Channel Input 
AIN=OV,Note5 
- 
10 
30 
- 
30 
- 
30 
- 
30 
pF 
Capacitance 


CAIN(OFF) 
Off Channel Input 
"IN = OV, Note 5 
- 
8 
20 
- 
20 
- 
20 
- 
20 
pF 
Capacitance 


ROS(ON) 
MUX 
AIN=±2.5V, 
- 
1.1 
2.5 
- 
2.5 
- 
2.5 
- 
2.5 
Kfl 
On-Resistance 
IIN =1ooJJA 


t.ROS{ON) 
Greatest Change 
in 
-2.5V~AIN 
- 
2.5 
- 
- 
- 
- 
- 
- 
- 
% 
ROS(ON) Between 
,.,+2.5V 
Any Two Channels 


OIRR 
Off-Channel 
FIN =1 ookHz, 
- 
-96 
- 
- 
- 
- 
- 
- 
- 
dB 
Isolation 
Note 7 


CCRR 
Channel to Channel 
FIN =1 ookHz, 
- 
-83 
- 
- 
- 
- 
- 
- 
- 
dB 
Isolation 
Nole7 


NOTES: 


4. 
FSR 
(Full 
Scale 
Range) 
"'" 2 x VREF 
(5.OOV 
at VREF = 2.50V). 
LSB 
(Least 
SignifICant 
Bit) - 
FSR/1 
024 
(4.88mV 
at VREF 
- 
2.50V). 


5. 
Parameter 
Not tested. 
Parameter 
guaranteed 
by destgn, 
simulalton, 
or characterization. 


6. Functionality 
is guaranteed 
by negative 
GAIN 
ERROR 
test. 


7. 
Channel 
Isolation 
is tested 
with 
an input 
signal 
of ±2.5Vp-p, 
100kHz 
and 
the measured 
pin is loaded 
with 
1000 
to GND. 


DC Electrical Characteristics 
(Continued) (Note 
4), V+ 
= +SV, 
V- 
= -SV, 
VREF 
= +2.S0V, 
TA = +2SoC, 
fClk = 600kHz, 


!R = tF S 2Sns, 
OO'll>duty 
cycle, 
unless 
otherwise 
specified. 
All typical 
values 
have 
been 
characterized 
but afe not tested. 


+2SoC 
OOClo 
+7SoC 
1-4010 +850C 
~55to 
+1250C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX I MIN I MAX I MIN 
MAX 
MIN I MAX I UNIT 


REFERENCE 
INPUT 


VRR 
Reference 
Input 
Note 6 
2.2 
- 
2.6 
2.2 
2.6 
2.2 
2.6 
2.2 
2.6 
V 
Range 


IBR 
Reference 
Input 
VREF = +2.OOV 
- 
0.Q1 
100 
- 
100 
- 
100 
- 
100 
nA 
Bias Current 


CVR 
Reference 
Input 
NoteS 
- 
8 
20 
- 
- 
- 
- 
- 
- 
pF 
Capacitance 


LOGIC 
INPUTS 


VIH 
Input High Voltage 
2.4 
- 
- 
2.4 
- 
2.4 
- 
2.4 
- 
V 


VIL 
Input Low Voltage 
- 
- 
0.8 
- 
0.8 
- 
0.8 
- 
0.8 
V 


IlL 
Logic 
Input Current 
VIN=OV,+5V 
- 
O.OS 
1 
- 
1 
- 
1 
- 
1 
fU\ 


CIN 
Input Capacitance 
Note 5 
- 
7 
17 
- 
- 
- 
- 
- 
- 
pF 


LOGIC 
OUTPUTS 


VOH 
Output 
High Volt 
IOH = -200fU\ 
2.4 
- 
- 
2.4 
- 
2.4 
- 
2.4 
- 
V 


VOL 
Output 
Low Volt 
IOL=1.6mA 
- 
- 
0.4 
- 
0.4 
- 
0.4 
- 
0.4 
V 


IOL 
Output 
Leakage 
RD=+5V, 
- 
0.04 
1 
- 
10 
- 
10 
- 
10 
fU\ 
Current 
VOUT=+5V 


RD=+5V, 
-1 
-0.Q1 
- 
-10 
- 
-10 
- 
-10 
- 
fU\ 


VOUT=OV 


COUT 
Output 
Capacitance 
High-Z 
state, 
- 
7 
15 
- 
- 
- 
- 
- 
- 
pF 
Note 5 


POWER 
SUPPLY 
VOLTAGE 
RANGE 


V+ 
Func1 Operation 
I 4.5 I 5.0 
5.5 
4.5 I 
5.5 I 4.5 
5.5 I 4.5 
I 
5.5 I 
V 


V- 
Only, Note 6 
I -4.5 I -5.0 
-5.5 
-4.5 I -5.5 I -4.5 I -5.5 I -4.5 
-5.5 I 
V 


POWER 
SUPPLY 
REJECTION 


aFSE 
V+.V-Gain 
V+=5V. 
- 
0.1 
0.5 
- 
0.6 
- 
0.6 
- 
0.8 
LSB 
Error 
V- = -4.75V. 
-5.25V 


V-=-5V, 
- 
0.1 
0.5 
- 
0.6 
- 
0.6 
- 
0.8 
LSB 
V+ = 4.75V, 
5.25V 


aVOS 
V+, V- Offset 
V+ =5V, 
- 
0.15 
0.5 
- 
0.6 
- 
0.6 
- 
0.8 
LSB 
Error 
V- = -4.75V, 
-5.25V 


V- =-5V, 
- 
0.1S 
0.5 
- 
0.6 
- 
0.6 
- 
0.8 
LSB 
V+ = 4.75V, 
5.25V 


SUPPLY 
CURRENTS 


1+ 
V+ Supply 
Current 
V+ =5V, 
V-=-5V 
- 
20 
30 
- 
30 
- 
30 
- 
30 
mA 


I- 
V- Supply 
Current 
VIN = OV, Digital 
- 
-10 
-15 
- 
-15 
- 
-15 
- 
-15 
mA 
Outputs 
Are 
IGND 
GND 
Current 
Unloaded 
- 
-8 
- 
- 
- 
- 
- 
- 
- 
mA 


lOG 
DG Current 
- 
-2 
- 
- 
- 
- 
- 
- 
- 
mA 


lAG 
AGCurrent 
- 
0.02 
- 
- 
- 
- 
- 
- 
- 
fU\ 


4. 
FSR 
(Full 
Scale 
Range) 
- 
2 x VREF 
(S.OQV at VREF 
- 
2.S0V). 
LSB 
(Least 
Signi'ICant 
BK) = FSR/'024 
(4.88mV 
at VREF 
- 
2.S0V). 


5. 
Parameter 
Not 
tested. 
Parameter 
guaranteed 
by 
design, 
simulation, 
or characteriZation. 


6. 
Functionality 
is guaranteed 
by 
negaOve 
GAIN 
ERROR 
test. 


7. 
Channel 
Isolation 
is tested 
with 
an 
input 
signal 
of 5Vp-p, 
100kHz 
and 
the 
measured 
pin 
is loaded 
with 
100n to GNO. 


Electrical CharacterIstics 
(Continued) (Note 11) V+ ~ 5V ± 10%, V- ~ -5V, VREF ~ 2.50V, TA ~ +250C, 
fclk ~ 600kHz, 
!R ~ tF :$ 25ns, 50% duty cycle, CL ~ 1oopF (Including 
stray for DO-D9, OVR, HOLD), 


unless 
otherwise 
specified. 
All typical 
values 
have been characterized 
but are not 
tested. 


+250C 
OOC to + 750C 
~400C 
to +8SoC 
-550C 
to+1250C 


SYMBOL 
PARAMETER 
MIN 
TYP I MAX I MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNITS 


TIMING CHARACTERISTICS 


tsps 
Continuous 
Note 9 
- 
- 
5 
- 
5 
- 
5 
- 
5 
~s 
Conversion 
Note 5 
60 
- 
- 
60 
- 
60 
- 
60 
- 
~s 
Time 
Noles9,15 
- 
- 
3telk 
- 
3telk 
- 
3telk 
- 
3tclk 
~s 


tconv 
Conversion 
Time, 
Notes 5,8 
- 
- 
4lelk+ 
- 
4lelk+ 
- 
4lelk+ 
- 
4tclk+ 
~s 
First Conversion 
0.63 
0.75 
0.75 
0.8 


leyc 
Continuous 
Note 9 
- 
- 
lelk/3 
- 
telk/3 
- 
tclk/3 
- 
lelk/3 
CPS 
Throughput 


tclk 
Clock Period 
- 
1/fclk 
- 
- 
- 
- 
- 
- 
- 
- 


D 
Clock Input Duty Cycle 
Note 5 
45 
50 
55 
45 
55 
45 
55 
45 
55 
% 


talew 
ALE Pulse Width 
Note 5 
30 
15 
- 
40 
- 
40 
- 
50 
- 
ns 


tas 
Address 
Setup Time 
Nole5 
40 
15 
- 
80 
- 
60 
- 
60 
- 
ns 


tah 
Address 
Hold Time 
0 
-18 
- 
0 
- 
0 
- 
0 
- 
ns 


twrl 
WR Pulse Width 
Notes 5,8,10 
100 
20 
lelk/2 
100 
lelk/2 
100 
lelk/2 
100 
lelk/2 
ns 


twreoc 
WRtoEOCLow 
Noles 5,8 
- 
80 
130 
- 
160 
- 
160 
- 
160 
ns 


thold 
WR to HOLD Delay 
Notes 5,8 
- 
80 
150 
- 
170 
- 
170 
- 
170 
ns 


tekhr 
Clock to HOLD 
Note 5 
150 
265 
450 
140 
500 
120 
500 
120 
500 
ns 
Rise Delay 


lekhf 
Clock to HOLD 
Noles 5,9 
50 
95 
200 
40 
225 
40 
225 
40 
225 
ns 
Fall Delay 


lekooc 
Clock to EOC High 
Notes 5,8 
- 
460 
630 
- 
750 
- 
750 
- 
800 
ns 


laata 
HOLD to DATA Change 
Notes 5,9 
100 
200 
350 
90 
400 
90 
400 
90 
400 
ns 


led 
CS to DATA 
Note 5 
- 
40 
70 
- 
85 
- 
85 
- 
85 
ns 


tad 
HBE to DATA 
Note 5 
- 
30 
50 
- 
70 
- 
70 
- 
70 
ns 


trd 
RD LOW to Active 
Notes5,13 
- 
70 
100 
- 
125 
- 
125 
- 
125 
ns 


trx 
RD HIGH to Inactive 
Notes 5, 14 
- 
30 
60 
- 
70 
- 
70 
- 
70 
ns 


tr 
Output 
Rise Time 
NOles5,12 
- 
20 
40 
- 
60 
- 
60 
- 
60 
ns 


tf 
Output Fall Time 
Noles 5, 12 
- 
15 
30 
- 
50 
- 
50 
- 
50 
ns 


8. 
Slow 
memory 
mode 
timing. 


9. 
Fast 
memory 
or DMA 
mode 
of operation. 
except 
the first 
conversion 
which 
is equal 
to tCONV- 


, O. Maximum 
specification 
to prevent 
multiple 
triggering 
with 
WR. 


, 1. All input 
drive signals 
are specified 
with fR "'" IF ~ 100s and shall swing 
from 
CAVia 
2.4Vfor 
all timing 
specifications. 
A signal 
is constdered 
to change 
state as 


it crosses 
a 1.4V threshold 
(except 
tAD 
& tAX). 


12. 
tA and 
tF load 
is Cl 
'"" 1OOpF (including 
stray 
capacitance) 
to DG and 
is measured 
from 
the 
10%-90% 
point. 


13. 
tAD 
is the time 
required 
for the data 
output 
level to change 
by 10% 
in response 
to AD 
crossing 
a voltage 
level of 1.4V. 
High-Z 
to VOH 
is measured 
with 


AL - 
2.5K!l 
and 
CL = 100pF 
(including 
slray) 
to DG. 
High-Z 
to VOL 
is measured 
with 
RL ,. 2.5K!l 
to V+ 
and 
CL = 100pF 
(including 
stray) 
to DG. 


14. 
tRX 
is the 
time 
required 
for the data 
output 
level to change 
by 10% 
in response 
to Ri5 crossing 
a voltage 
level of 1.4V. VOH 
to High-Z 
is measured 
with 


AL ,. 2.5KO 
and 
Cl = 10pF 
(including 
stray) 
to DG. VOL 
to High-Z 
is measured 
with 
RL .., 2.5KO 
to V+ 
and 
CL 
:0:: 
1OpF (including 
stray) 
to DG. 


15. 
For clock 
frequencies 
other 
than 
600kHz. 


Timing Diagrams 


FAST 
MEMORY 
MODE 
(8 BIT DATA BUS) 


I 
r- 10.-,.::~ 


- 
t::tdotO 


~~~~RNAL 
"_,_'_D'_T_' 
X 
N_D_AT_A 
X 
N_'_'_D_A_T_A 
__ 


HOLD 
TRACK 
N 
TRACK 
N.! 


INTERNAL 
X 
N-I 
DATA 
X 
DATA 


00-09 
,OVR 
X 
N-I 
DATA 
X 
DATA 


Timing Diagrams 
(Continued) 


SLOW 
MEMORY 
MODE 
(16 
BIT DATA 
BUS) 


Rb 


Eoe 


U 
-I' I- twrl 
U 
I- -l 
leI ••• 
____1\... 
_ 


Loa 
loh 
I--j.......j 
----IN1mlESS)>----------------------------- 


thold-ll-- 
--0- 
tckhr 
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I TRACKN. I 


\ 
~I 
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-oj I- trx 


_ •• _ 
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•• _ 
•• _ 
•• _ 
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Typical Dynamic Performance 
Characteristics 


EFFEcnVE 
NUMBER 
OF BITS 
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Typical Dynamic Performance Characteristics 
(Continued) 


FFT SPECTRUMS 


INPUTfR£OUlNCY: 
4Ullhl 
S••MPUNG 
RATe: 
200kU. 
5NR: 1'.IOd. 
-10 
THO: -".2td8 
PEAK NOISE: 
-}S .•• 
dB 
'PO,nou. 
fflEIE DYNAMIC 
"ANO£: 
-"."dB 
~RDH"'RMON'C: 
-H.ltdS 
.~ 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


10 
~ 
~ 
• 
~ 
" 
~ 
~ 
" 
100 
fREQUENCY 
(kH.t 


INPUT " •• EOU£Hey: 
UUtH" 
•.•.••••• 1.1140 "A'II; 
20010H:r 
INR: ".:J'dB 
-10 
THD: -5S.UdB 
P£AKNOISI!; 
-".Ud. 
SPURIOUS 
FREf: 
OYN •••• K: MANOIE; 
-If .12d8 
3flD 
HAMMONIC: 
-1".S3dB 


;-50 
;-50 


~-~ 
~-~ 


~-~ 
~-~ 
~-u 
~.~ 


INPUT'REQUE-Hey: 
1""7Ha 
• ••.•• PlINO 
"AT!:: 
2001111. 
&NR: ' •••• 
d. 
THO: -ll."4dB 
PEAK NOtS!: 
-n.aHa 
SPORtoUS'REEDYHAlIUC 
RANG!: 
-.:I.Ud. 
3ROHAAUON1C: 
-12.44dB 


INPUT 
FREOUENCY: 
""t,m • 
SAWPUNO 
RATIE: 
200klll: 


$HR: ".2Id8 
TltD: 
- .••. l.d. 
PEAK NOISE: 
-'.,:I'de 
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PIN 
SYMBOL 
DESCRIPTION 


1 
VREF 
Referencevoltageinput (+2.50V) 


2 
AG 
Analogground reference(OV) 


3 
AINO 
Analoginput channel0 


4 
AIN1 
Analoginput channell 


5 
AIN2 
Analoginput channel2 


6 
AIN3 
Analoginput channel3 


7 
AIN4 
Analoginput channel4 


8 
AIN5 
Analoginput channel5 


9 
AIN8 
Analoginput channel6 


10 
AIN7 
Analoginput channel7 


11 
NC 
Noconnector tie toV+ only. 


12 
TEST 
Test pin. Connect 
to DG for normal operation 


13 
AO 
"lux addressinput.(LSB)Activehigh. 


14 
A1 
"lux addressinput.(LSB)Activehigh. 


15 
A2 
"lux addressinput.(MSB)Activehigh. 


16 
ALE 
"lux addressenable.Whenhigh,the latch is 
transparent. 
Address 
data is latched on the 
falling edge. 


17 
WR 
Write input. With CS low, starts conversion 
when pulsed low; continuous 
conversions 
when kept low. 


18 
CS 
Chip selectinput.Activelow. 


19 
RD 
Readinput.With CSlow,enablesoutput 
bufferswhenpulsed low;outputs updatedat 
the end of conversion. 


20 
SMODE 
Slow memory 
mode input 
Active high. 


Detailed Description 


The 
HI-7153 
is an 8 channel 
high 
speed 
10 bit AID 
converter 
which achieves throughput 
rates of 200kHz 
by 
use of a Two Step Flash algorithm. A pipelined 
operation 
has been achieved through the use of switched 
capacitor 
techniques 
which allows the device to sample a new input 
voltage while a conversion 
is taking place. The 8-channel 
multiplexer 
can 
be 
randomly 
addressed. 
The 
HI-7153 
requires a single reference input of +2.5V, which is internal- 
ly inverted 
to -2.5V, 
thereby 
allowing 
an Input range of 
-2.5V to +2.5V. The ten bits are two's complement 
coded. 


The analog and reference inputs are internally buffered by 
high 
speed 
CMOS 
buffers, 
which 
greatly 
simplifies 
the 
external analog drive requirements for the device. 


Analog 
to Digital 
Section 


The HI-7153 
uses a conversion technique which is general- 


ly called 
a "Two 
Step 
Flash" 
algorithm. 
This 
algorithm 
enables very fast conversion 
rates without the penalty of 
high power dissipation 
or high cost. A detailed functional 
diagram is presented in Figure 1. 


PIN 
SYMBOL 
DESCRIPTION 


21 
BUS 
Bus selectinput. High; all outputsenabled 
togetherDO-D9,OVR 
Low; 
Outputsenabledby HBE 


22 
HBE 
Byteselect(HBEILBE)input for 8-bit bus. 
High; 
High byteselect,D8 - D9,OVR 
Low; 
Low byteselect,DO- D7 


23 
ClK 
Clock input.TIL compatible. 


24 
DG 
Digitalground (OV) 


25 
EOC 
End-ot-conversion 
status. Pulses high at 
the end-ot-conversion. 


26 
HOLD 
Start of conversion 
status. Pulses low at 
the start-of-conversion. 


27 
DO 
BitO(LSB) 


28 
D1 
Bit1 


29 
D2 
Bit2 Output 


30 
D3 
Bit3 Data 


31 
D4 
Bit4Bits 


32 
D5 
Bit5 (SeeTable2) 


33 
D6 
Bit6 


34 
D7 
Bit7 


35 
D8 
Bit8 


36 
D9 
Bit9(MSB) 


37 
OVA 
Out of Rangeflag.Validat end of 
conversion 
when output exceeds 
full scale. 


38 
V+ 
Positivesupply voltageinput (+5.0V) 


39 
\3ND 
Groundreturnfor comparators(OV) 


40 
V- 
Negativesupply voltageinput (-5.0V) 


The reference input to the HI-7153 
is buffered 
by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured 
in 
the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the 
resistor string. 
Both reference 
amplifiers 
are 
offset trimmed 
during 
manufacturing 
in order to increase 
the accuracy of the HI-7153 
and to simplify its usage. 


The input voltage is first converted into a 5 bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed 
compara- 
tors which perform a comparison 
between the input voltage 
and 
subdivisions 
of 
the 
reference 
voltage. 
These 
subdivisions 
of the reference voltage are formed by forcing 
the reference voltage and its negative on the two ends of a 
string of 32 resistors. 


The 5 bit result of the first flash conversion 
is latched into 


the upper five bits of double buffered latches. It is also con- 
verted back into an analog signal by choosing 
the ladder 
voltage which is closest to but less than the input voltage. II 


The selected 
voltage 
(VTAP) is then subtracted 
from the 
input voltage. The residual is then amplified by a factor of 32 
and referenced to the negative reference voltage (VSCA = 
32(VIN - VTAP) + VREF-). This subtraction 
and amplifica- 
tion 
operation 
is 
performed 
by 
a Switched 
Capacitor 
amplifier (SCA). The output of the SCA amplifier is between 
the positive and negative reference voltages and can there- 
fore be digitized by the original 5 bit flash converter (second 
flash conversion). 


The 5 bit result of the second flash conversion 
is latched 
into the lower five bits of double buffered latches. At the end 
of a conversion, 
10 bits of data plus an Out of Range bit are 
latched into the second level of latches and can then be put 
on the digital output pins. 


The conversion 
takes 
place in three clock 
cycles 
and is 
illustrated 
in Figure 
2. When the conversion 
begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero 
mode and it samples the input voltage. During the 


second half clock cycle, the comparators 
make a compari- 
son between the input voltage and the ladder voltages. At 
the beginning 
of the third half clock 
cycle, the first most 
significant 
5-bit 
result becomes 
available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap volt- 
age 
has been 
selected 
the 
SCA 
amplifies 
the 
residue 
between the input and ladder tap voltages. During the next 
three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators 
go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators 
perform another comparison 
whose 
5 bit result becomes available on the next clock edge. 


Reference 
Input 


The reference input to the HI-7153 
is buffered 
by a high 
speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. The reference input voltage should be applied follow- 
ing the application 
of V+ and V- supplies. 


( t\'REF) 
AZ 
AZ 


VREF 
0:: 
O/R 
UJ 
0 
LL 
AG 
z 
LL 
09 
< ::> 
a:l 
<.fJ 
DATA 
UJf- 
OUTPUTS 
AI nO 
I::> 
UQ. 
f-f- 
DO 
<::> 
AI n I 
...10 


A In 2 
BUS 
BUS 
CTRL 
HBE 
AI n3 


TEST 


ALE 


CONTROL 


LOGIC 


HOLD 


RD 
WR 


CS 
SMODE 
CLK 
EOC 


Analog 
Multiplexer 


The multiplexer channel assignments are shown in Table 1 
and can be randomly addressed. Address inputs AO-A2 are 
binary 
coded 
and 
are 
TTLJCMOS 
compatible. 
During 
power-up 
the circuit is initialized and multiplexer channel 
AINO is selected. The multiplexer 
address 
is transparent 
when ALE is high 
and CS is low. The address 
data is 
latched 
on 
the 
falling 
edge 
of 
the 
ALE 
signal. 
The 
multiplexer 
channel 
acquisition 
timing 
(Timing Diagrams, 
Slow 
Memory 
Mode) 
occurs 
approximately 
500ns 
after the rising edge of HOLD. 
The multiplexer features a 
typical break-before-make 
switch action of 44ns. 


Track And Hold 


A Track and Hold amplifier has been fully integrated on the 
front end of the AID converter. 
Because of the sampling 
nature of this NO 
converter, the input is required to stay 
constant 
only during 
the first clock cycle. Therefore, the 
Track and Hold (TIH) 
amplifier 
"holds" 
the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion 
during the remaining two 
clock cycles. The high input impedance 
of the TIH input 
amplifier simplifies 
analog interfacing. 
Input signals up to 
±VREF 
can 
be directly 
connected 
to the AID 
without 
buffering. The TIH amplifier typically 
settles to within 1/4 


LSB in 1.5~s. The NO 
output code table is presented in 
Table 2. 


The timing signals for the Track and Hold amplifier are gen- 
erated internally, and are also provided externally (HOLD) 
for synchronization 
purposes. 


All of the internal amplifiers are offset trimmed during manu· 
facturing 
to give improved accuracy 
and to minimize the 
number of external components. 
If necessary, offset error 
can be adjusted by using digital post correction. 


TABLE 
1. MULTIPLEXER 
CHANNEL 
SELECTION 


ADDRESS 
& CONTROL 
INPUTS 
ANALOG 
- 
CHANNEL 
A2 
A1 
AO 
CS 
ALE 
SELECTED 


0 
0 
0 
0 
1 
AINO 


0 
0 
1 
0 
1 
AIN1 


0 
1 
0 
0 
1 
AIN2 


0 
1 
1 
0 
1 
AIN3 


1 
0 
0 
0 
1 
AIN4 


1 
0 
1 
0 
1 
AIN5 


1 
1 
0 
0 
1 
AIN6 


1 
1 
1 
0 
1 
AIN7 


COMPARATOR 
AUTO-ZERO 
(AZ) 


SeA 
AUTO-ZERO 
(SeAZ) 


INTERNAl 
DATA 
Ie 
BITS 
+ OVR 
--i Vin(N) 
DATA 


ANALOG 
INPUT" 
OUTPUT 
DATA (2'S COMPLEMENT) 


LSB= 
MSB 
LSB 
2(VREFI/1024 
VREF=2.500VOLTS 
OVR 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


> +VREF 
2.50010V+(+OVR) 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


+VREF-1LSB 
2.49512 
(+Full SCale) 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 


+1LSB 
0.00488 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


0 
0.000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


-1LSB 
-0.00488 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


-VREF 
-2.500 
(-Full SCale) 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


< -VREF-1 LSB 
2.50488 
10V- (-OVR) 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 • 


Dynamic Performance 


Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic 
performance 
for one channel of the A/D 
system. A low distortion sine wave is applied to the input of 
the ND converter. The input is sampled by the A/D and its 
output stored in RAM. The data is then transformed into the 
frequency 
domain with a 4096 point FFT and analyzed to 
evaluate the converters dynamic performance such as SNR 
and THD. See typical performance characteristics. 


Signal-To-Noise 
Ratio 


The signal to noise ratio (SNR) is the measured rms signal 
to rms sum of noise at a specified 
input 
and sampling 
frequency. The noise is the rms sum of all except the funda- 
mental and the first five harmonic 
signals. 
The SNR is 
dependent on the number of quantization 
levels used in the 
converter. The theoretical 
SNR for an N-bit converter with 
no differential or integral linearity error is: SNR = (6.02N + 
1.76) dB. For an ideal 10 bit converter the SNR is 62dB. 
Differential and integral linearity errors will degrade SNR. 


Sinewave signal power 
SNR = 1010g 
Total noise power 


SINAD is the measured rms signal to rms sum of noise plus 
harmonic power and is expressed 
by the following. 


Sinewave signal power 


Effective 
Number 
of Bits 


The effective 
number of bits (ENOB) is derived from the 
SINAD data; 


Total 
Harmonic 
Distortion 


The total harmonic 
distortion 
(THD) is the ratio of the rms 
sum of the second through sixth harmonic components 
to 
the fundamental 
rms signal for a specified input and sampl- 
ing frequency. 


Total harmonic power (2nd - 6th harmonics 
THD=1010g 
Sinewave signal power 


Spurious-Free 
Dynamic 
Range 


The spurious-free 
dynamic range (SFDR) is the ratio of the 
fundamental rms amplitude to the rms amplitude of the next 
largest spur or spectral component. It is usually determined 
by the largest 
harmonic. 
However, 
if the harmonics 
are 
buried in the noise floor it is the largest peak. 


The 
clock 
input 
is TIL 
compatible. 
The converter 
will 
function with clock inputs between 10kHz and 800kHz. 


Microprocessor Interface 


The HI-7153 
can be interfaced to microprocessors 
through 
the use of standard Write, Read, Chip Select, and HBE con- 
trol pins. The digital outputs are two's complement 
coded, 
three-state gated, and byte organized for bus interface with 
8 and 16 bit systems. The digital outputs 
(DO - D9, OVR) 
may be accessed under control of BUS, byte enable input 
HBE, chip select, and read inputs for a simple parallel bus 
interface. The microprocessor 
can read the current data in 
the output 
latches 
in typically 
60ns/byte 
(trd!- An over- 
range pin (OVR) together with the MSB (D9) pin set to either 
a logic 0 or 1 will indicate a positive or negative over-range 
condition respectively. All digital output buffers are capable 
of driving one TTL load. The multiplexer can be interfaced to 
either 
multiplexed 
or 
separate 
address 
and 
data 
bus 
systems. 


The HI-7153 
can be interfaced to a microprocessor 
using 
one of three modes: slow memory, fast memory, or DMA 
mode. 


Slow Memory Mode 


In slow memory mode, the conversion will be initiated by the 
microprocessor 
by selecting the chip (CS) and pulsing WR 
low. This mode is selected by hardwiring the SMODE pin to 
V+. Note that the converter will change to the DMA interface 
mode if the WR to RD active timing is less than 1OOns.The 
end-of-conversion 
(EOC) output signals an interrupt for the 
microprocessor 
to jump to a read subroutine 
at the end of 
conversion. When the 8-bit 
bus operation is selected, high 
and low byte data may be accessed in either order. An I/O 
truth table is presented 
in Table 3 for the slow memory 
mode of operation. 


Fast Memory Mode 


The fast memory mode of operation is selected by tying the 
SMODE and WR pins to DG. In this mode, the chip per- 
forms continuous 
conversions 
and only CS and RD are re- 
quired to read the data. Whenever the SMODE pin is low, 
WR is independent 
of CS in starting a conversion 
cycle. 
During the first conversion cycle, HOLD follows WR going 
low. HOLD will be one clock 
period wide for subsequent 
conversion cycles. 


Data can be read a byte at a time or all 11 bits at once. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. EOC is continuously 
low in this mode of operation. The conversion data can be 
read after HOLD has gone low. An I/O truth table is pres- 
ented in Table 4 for the fast memory mode of operation. 


This is a hardwired mode where the HI-7153 
continuously 
converts. The user implements hardware to store the results 
in memory, bypassing 
the microprocessor. 
This mode is 
recognized 
by the chip when SMODE is connected 
to V+ 
and CS, RD, WR are connected 
to DG. When 8-bit 
bus 
operation is selected, high and low byte data may be ac- 
cessed 
in either order. 
EOC is continuously 
low in this 
mode. The conversion 
data can 
be read approximately 
300ns after HOLD has gone low. An I/O truth table is pres- 
ented in Table 5 for the DMA mode of operation. 


- 
- 
- 
FUNCTION 
CS 
WR 
RD 
BUS 
HBE 
ALE 


0 
0 
X 
X 
X 
X 
Initiates a conversion. 


0 
X 
X 
X 
X 
1 
Selects 
mux channel. 
Address 
data is latched 
on falling 


edge of ALE. Latch 
is transparent 
when 
ALE is high. 


1 
X 
X 
X 
X 
X 
Disables 
all chip 
commands. 


0 
X 
0 
1 
X 
X 
Enables 
DO - D9 & OVR. 


0 
X 
0 
0 
0 
X 
Low byte enable: 
DO - D7 


0 
X 
0 
0 
1 
X 
High byte enable: 
D8 - D9, OVR 


X 
X 
1 
X 
X 
X 
Disables 
all outputs 
(high impedance). 


- 
FUNCTION 
CS 
WR 
RD 
BUS 
HBE 
ALE 


0 
0 
X 
X 
X 
X 
Continuous 
conversion, 
WR may be tied to DG. 


0 
X 
X 
X 
X 
1 
Selects 
mux channel. 
Address 
data is latched 
on falling 
edge of ALE. Latch 
is transparent 
when 
ALE is high. 


1 
X 
X 
X 
X 
X 
Disables 
all chip commands. 


0 
X 
0 
1 
X 
X 
Enables 
DO - D9 & OVA. 


0 
X 
0 
0 
0 
X 
Low byte enable: 
DO - D7 


0 
X 
0 
0 
1 
X 
High byte enable: 
D8 - D9, OVR 


X 
X 
1 
X 
X 
X 
Disables 
all outputs 
(high 
impedance). 


BUS 
HBE 
ALE 
FUNCTION 


X 
X 
1 
Selects 
mux channel. Address data is latched on falling 
edge of ALE. Latch 
is transparent 
when 
ALE is high. 


1 
X 
X 
Enables 
DO - D9 & OVR. 


0 
0 
X 
Low byte enable: 
DO - D7 


0 
1 
X 
High byte enable: 
D8 - D9, OVR 


Optimizing System Performance 


The HI-7153 
has three ground 
pins (AG, DG, GND) for 
improved 
system 
accuracy. 
Proper 
grounding 
and 
bypassing is illustrated in Figure 3. The AG pin is a ground 
pin and is used 
internally 
as a reference 
ground. 
The 
reference input and analog input should be referenced to 
the analog ground (AG) pin. The digital inputs and outputs 
should be referenced to the digital ground (DG) pin. The 
GND pin is a return point for the supply 
current of the 
comparator array. The comparator array is designed such 
that this current is approximately 
constant at all times and 
does not vary with input vo~age. By virtue of the swnched 
capacitor nature of the comparators, n is necessary to hold 
GND firmly at zero volts at all times. Therefore, the system 
ground star connection should be located as close to this 
pin as possible. 


As 
in 
any 
analog 
system, 
good 
supply 
bypassing 
is 
necessary 
in 
order 
to 
achieve 
optimum 
system 
performance. The power supplies should be bypassed with 
at least a 20llF tantalum and a O.lI1F ceramic capacitor to 
GND. The reference input should be bypassed with a O.lI1F 
ceramic capacitor to AG. The capacitor leads should be as 
short as possible. 


The pins on the HI-7153 
are arranged such that the analog 


pins are well isolated from the digital pins. In spite of this 
arrangement, 
there is always some pin-to-pin 
coupling. 


Therefore the analog inputs to the device should not be 
driven from very high output impedance sources. PC board 
layout should screen the analog and reference inputs with 
guard rings on both sides of the PC board, connected to 
AG. Using a solder mask is good practice and helps reduce 
leakage due to moisture contamination 
on the PC board. II 
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Applications 


Rgure 4 illustrates 
an application 
where the HI-7153 
Is 
used 
to 
form 
a 
multi-channel 
data 
acquisition 
system. 
Either slow 
memory or fast 
memory 
modes of 
operation can be selected. Fast memory mode should be 
selected 
for 
maximum 
throughput. 
The 
output 
data 
is 


configured for 16 bit bus operation in these applications. By 
tying 
BUS 
to 
DG 
and 
connecting 
the 
HBE 
input to the system address decoder, the output data can be 
configured for a-bit bus systems. 
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